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[57] ABSTRACT 

Methods and apparatus for aiding the user of graphics 
systems to visibly distinguish areas (images) on a display 
screen generated from raster data from areas on the same 
screen generated from vector data. An example of where the 
invention may be applied is in graphical systems in which 
geographic information is displayed with the graphic data 
being made up of both vector data (such as a set of points 
de&ning a road input to the system by the user via a 
digitizing tablet) and raster data (such as a photo image of 
the same road that is digitized via a scanner). The brighmess 
of each data type (vector or raster) image being displayed 
may be modified by the user. In one embodiment of the 
invention, in response to user interaction with the system, 
the brightness of the raster data, the vector data, or both (and 
hence their images once displayed), may be modified by 
adjusting entries in color tables (or specific entries of a 
single color table) maintained for each data type. By chang- 
ing the color specification entries in the color tablc(s), the 
vector and raster data subsequenUy output to a display can 
be distinguished based on the shift in brighmess of the image 
appearing on the screen in response to the user action. 
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BRIGHTNESS CONTROLS FOR VISUAL 
SEPARATION OF VECTOR AND RASTER 
INFORMATION 

This application is a continuation of application Set No. 
07/932,865. filed Aug. 20, 1992, now abandoned 

BACKGROUND OF THE INVENTION 



FIELD OF THE INVENTION 

The invention relates generally to geometric modeling 
systems that, with the aid of a digital computer, may be used 
to capture, manipulate, analyze and report data. Examples of 
such systems include geographical positioning systems 
(GPS), geographic information systems (GIS), computer 
aided design (CAD) systems and computer aided manufac- 
turing (CAM) systems. 

More particularly, the invention relates to methods and 
apparatus used in geometric modeling systems for visibly 
distinguishing areas (images) on a display screen generated 
from raster data from areas on the same screen generated 
from vector data. An example of where the invention may be 
applied is in graphical systems in which geographic iiifor- 
mation is displayed with the graphic data being made up of 
both vector data (such as a set of points defining a road input 
to the system by the user via a digitizing tablet) and raster 
data (such as a photo image of the same road that is digitized 
via a scanner). 

According to the invention, the brightness of each data 
type (vector or raster) image being displayed may be modi- 
fied by the user. In one embodiment of the invention, in 
response to user interaction with the system, the brighmess 
of the raster data, the vector data, or both (and hence their 
images once displayed), may be modified by adjusting 
entries in color tables (or specific entries of a single color 
table) maintained for each data type. 

By changing color specification entries in each color table 
(or the color specificadon of assigned data type cnuics 
within a single color table), the veaor and raster data that is 
subsequently output to a display can be distinguished based 
on the shift in brightness of the image appearing on the 
screen in response to the afonementiotied user actioa 

The invention is particularly useful in situations where, in 
an exemplary application, raster data may assume any color 
in a defined color spectrum; making vector data and raster 
data indistinguishable by, for example, reassignment of 
color designations. 

Hie invention may also be used in computer graphic 
systems which are not geometric modeling systems per se, 
to generally support graphics processing functions. 

DEFINITIONS 

The following terms and phrases are used herein and 
defined as follows: 

1. A "modeling system" is a system that may be used to 
process (capture and manipulate) real worid data and events, 
and process abstract data based on real worid data and 
events. Examples of modeling systems include, but are not 
limited to. geographical positioning systems (GPS), geo- 
graphic information systems (GIS), computer aided design 
(CAD) systems and computer aided manufacturing (CAM) 
systems. 
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2. A **modeling coordinate system" is a coordinate system 
which m^s out a space that can completely contain all of 
the spatial or geometric data that a user can process using a 
given modeling system, in terms of a user's own units (e.g., 

5 feel, miles, degrees, etc.). 

3. A '*database coordinate system" is a coordinate system 
that accommodates the storage of data from a users model- 
ing coordinate system without the loss of accuracy. 

4. A "device coordinate system" is a coordinate system 
which maps out the available space on a given device (for 
example, a display device), into which data may be mapped. 
The data may, for example, be supplied via user interaction 
with a display device, may be mapped from (or to) a 
modeling coordinate system and/or database coordinate sys- 
tem, etc. 

5. A "vector" is a line with a starting position, length and 
direction. 

6. "vector data" is defined as data consisting of lines from 
20 which intelligent information (e.g., length, direction, etc.), 

can be derived. 

7. A "raster** is a matrix covering the entire map in a 
database. 

8. "raster data" is defined as a type of discrete data 
^ consisting of points corresponding to picture elements (pix- 
els), where a database map image formed from the raster is 
a set of horizontal raster Imcs each made up of individual 
pixels. 

DESCRIPTION OF THE PRIOR ART 

In present day modeling systems which are used, for 
example, for GIS, GPS, CAD and CAM applications, it is 
well known to represent geomeoic map data using veaor 
35 and raster data structures. 

Such modeling systems typically operate under the con- 
trol of, or witii the aid of, a digital computer. An example of 
one such system is the commercially available IBM 5080 
computer system on which the commercially available 
40 Graphics Program Generator (GPG) software may be 
executed C*IBM" is a trademark owned by the International 
Business Machines Corporation). The GPG software is 
described in IBM publication number SH20-5621-04, 
entitled "Graphics Program Generator Program Reference", 
fourth edition, copyright 1990, hereby incoiporatcd by ref- 
erence to describe a present day, conunercially available 
system (the combination of the IBM 5080 hardware and 
GPG software) within which the invention may be applied. 

It is well known that computers that support modeling 
systems, computer graphics systems (such as the IBM 
5080), etc. may be used to process both vector data and 
raster data. The most conunon data structure used to repre- 
sent geometric map data is the vector, i.e.. a line with a 
starting position, length and direction as defined herein- 
above. 

Vectors have no width, but may have attributes assigned 
to them. For example, in some GIS*s, vectors may have 
attributes such as street names, pipe serial numbers, etc. 

60 The vector data stracture is the most popular geometric 
map data organization for several reasons. First, traditional 
cartographic methods use veaor opra^tions. As a result, 
there arc a greater number of flexible, refined veaor algo- 
rithms than there are raster processing algorithms. 

65 Second, many GIS us^ have made substantial comnut- 
menis to vector data organization for geographic map data 
because of the large number of vector data bases already in 
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existence. In .addition, many of these same users have 
invested in vector based hardware such as tablet digitizers, 
vKtbr plottexs aiui-py ST technology. 
;;- Still further; since; a vector . description . is a shorthand 
: notation as ..compared ..to. the alternative of providing, the . . 5 
coordinates :'or every identifiable- point between -the end 
■ points of a Ime, -vector, noiatiori greatly:^ anaouni ' . 

Vof dato toe must.be stored line. .. 

/ /On the other; hand, raster data structures are; also very 
useful; for orgariizing. geomettic. map data; Features, are 
stored in such a' data structure in . terins of their component 
- poiiits "(pixels): .The- niap.iniagc is formed from the raster;. a 
' set;df hori2ontai;raster lines each. made of individual pixels; 
Simply-stated;' the-raster is a rhatrix cbverihg all or a portion 
• of the rh^.in the data base. Almost sJl thbdeni- graphics arid 
'.smtomtic data ca^^ . 
. ; . Since the number, of. well developed . vector processing 
.. algorithiiis in cHslence today cxcce^^ 
/prbo^ssmg Valgorithrns/ raster ; data ..is often converted to 
.'vector format for processing purposes,; On .lhe other hand, 
•. for display purposes; vector data is often convarted to raster 
fohnat i e., is "fasterized" for outptit to inatrix plotters, raster 
television systems ;^d the like.;^^ ^ ;\ 

iDisplay-systerhs are well known which can accommodate - 
the concurrent display of both vector and raster data. One 
exarnple of a display system that facilitates output^ng and 
displaying both: vector; and , raster data, simultaneously is 
taught by Imsarid.et al in U.S.-Pat: No;-4,^^^ 
■ In the Itnsand. et. al reference j by way of example, a raster . ' 
.television systern is .used as ain output ;display device and. 30 
.vector data is con verted to raster foirhat prior to being outpiit 
to Uie. display device • 

:pnce converted to . raster data, there; is no way;;taught or : 
suggested in the linsand et al reference for the User to 
distiriguish Which portion of the output was generated from 
the raster data ind; which portion of the output was generated 
from the vector data when both data types (with the vector 
data having;been converted to. raster. format).-are; simulta-;. . 

.neously viewed;;: .; ; . .. . . ;.; ; 

; ..Beausoleil et al in U.S. Pat No.^; 4,716,546, teaches a 
.system, capable of displaying both.vector.and raster data on 
a display siibsystem cathode ray tube. The Beausoleil et al 
referCTce. sp|ecifically teaches a display memory orgaruza- 
tion optiimzed for the writing^^^ displaying of vectors on 
\her display systern - where .the refresh meiriory ;systein is 
directed to a raster iscan . organization: with the display being 
. divided irito pixels which are updated line by line. .... 

Once agam, although, enable of displaying both vector 
.and.raster data: sirnultancously,. the user has no. way of 
^.;distinguishihg whether the data- being displayed was origi- 
■rially; vector or raster data. 

• ; - In addition to thc;.cathode ray tube displiay. systems taught 
iin the alx>ve;refw^nced;patents in which a beam is caused to 
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One such hybrid display system, taught by Grothe in U.S. 
Pat" No. 4,631^32, includes appafatiis for superposing a 
raster symbol display and a. vector symbol display, cm a 
isingle cathode ray tube. In an improvenaeht to Grothe as set 
forth by Grothe et al in U.S. PaL No! 4,635.050, 'a niasldng " 
technique is taught in which the display is energized by the 
stroke vector signals and respondls. preferentially to a priority 
symbol allowing a. portion of: the display to.be inasked. 
within selected regions. • 

According to the Grothe et al refexehce,. the display is 
sequentially and alternately energized by the stroke vector 
positional signals and the raster sythbol character signals^ 
thereby providmg a display comprised of a raster symbol 
character display superiniposed on a stroke vector display, 
with the raster disposed to preferentially.mask stroke vector". 
. characters, of lesser, priority. ■ ; 

By rnasking the stroke vector signal at the point ^pf 
intersection with a raster scan* line, the stroke vector display 
; may be blanked in selected areas, with; a raster scan option- ■ 
ally.superimposed thereon (and vice versa), . . 

Although the .Grothe and Grothe et;al references teach, 
display systems which facilitate the concurrent visualization' 
of. vector and raster type data, there is no way of distin- 
guishing between the two data tyjpes other than to. use^the 
coinputatipnally intensive and hardware oriented bjankirig 
scheme taught in Grothe et al (i.e:, to suppress one dkta type 
on a. priority basis while allowing. the other type to. be.. 
• displayed in instances where an overlap occurs). The blank-., 
ing scheme requires, special; purpose . hardware which is -. 
expensive and not easy to retrofit into systems not designed 
to support the blanking arid clipping processes. 
• Burke et al, in.U.S: Pat.No. 4,808,988, in the cdtitext of 
describing a digital vector gwieiawr for a graphics display 
system, teaches the use of a color map to convert video data 
output to a display to a- predetermined three color .RGB 
(Red/Green/Blue) representatioii with .8: bits, maximum per 
color. The color map allows a particiilar intensity and hue to 
be assigned sequentially to cach.pixcl being illuminated on. 
the display siiir^ce. : - . - " 

. -The -aforementioned IBM 5080 computer- system is. a - 
coimriercially available example of a computer system havr 
ing a graphics subsystern that utilizes a color map to specify 
colors for . both vector and raster data being output to a 
display. 

Since many types of graphics- data (such as GI$ graphics- 
data) consists of both vector and raster information (where 
both types of information can cover the same geographic . 
region in the GIS example); it would be desirable to be able 
to visibly distihguish.areas on a display screen generated, 
froiri raster data, from areas on the same screen generated 
from vector data \ ■ . . . ■ ■ ' . / 

A^sually, the images of raster and vector data displayed on = 
a screen do not always "complement each other. Ofteri it is 
hard to icU .where an, image generated. frpni vector .data 



trace, a^Tcpctitive"^^^^ leaves off and an .image generated from raster data begins, 

inforiMtion-'is ;prese^ ■_ . . - 

tron beam at the . appropriate points along ; each, line (i,e., a 
raster, display L system),^ stroke written cathode- ray tube 

• displays are. known; which trace -the ' shape of fijgures to. be . 
. presented by deflection of ati electron beani in .a- maimer 
-wMch connect a siicce^ seqiieiice of strokes; which rnay ^ 
:bc,straighVor;aifvcd; - . ' 
■': .- . Ftuther yeV hybrid cathode ray tiibc -displays are. also 

• Imowa wWch include a conventional stroke vector generator .. 
and a conventional raster symbol generator to sequentially 65 
supply a CRT with a picture that includes both raster and 
stroke vector information.' 



By having . the cq)ability • to visually separate graphics data * 
images .to. distinguish vector data images, from raster data 
images, a user could, for example, check the accuracy of - 
vector data against raster data (for instance; answer 'ques-'. 
tions like "Did the road that was. digitized^m a map* 
. actually follow the image photograph, of the road?); CTeate 
vector data using the raster data as a reference (for instance', : 
digitize a rbaid directly on a graphics screen usiiig an image-. ~ 
photoglyph of the road); and create a Erame of reference, a 
particularly useful tool in geographic areas, where there is. 
not a lot of vector data, (in this case ra^r data can provide 
an excellent frame of reference). 
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In view of the prior art as exemplified by the aforemen- 
tioned references, it would also be desirable to be able to 
visually separate images generated from raster data from 
images generated Erom vector data, on the same display 
screen, without having to use computationally intensive 
processes that consume system resources (in particular, CPU 
time), or require the use of expensive hardware to implement 
hardware oriented blanking and clipping techniques. 

Furthermore, it would be desirable to be able to provide 
a technique for visually separating images generated from 
raster data, from images generated from vector data (on the 
same display screen), which do not clip or blank out any data 
from the screen, leaving all displayed data visible while 
distinguishing the two data types. J 

Still further, it would be desirable to be able to accomplish 
the aforementioned visual separation quickly and efficiently, 
in real time under user control, utilizing the existing display 
hardware configuration in a given modeling system or 
computer graphics system. In particular, it would be desir- 
able to be able to accomplish the desired visual separation 
utilizing tedmiques that only need to modify color table 
entries for a given data type (vector or raster data), in 
response to user generated requests to change the brightness 
of a particular data type. Such techniques are easily imple- 
mented in software, are not computationally intensive and 
do not require the addition of expensive special purpose 
hardware to the underlying system. 

SUMMARY OF THE INVENTION 

30 

Accordingly, it is an object of the invention to be able to 
provide methods and apparatus for visibly distinguishing 
areas on a display screen generated from raster data (raster 
data images), from areas on the same screen generated from 
vector data (vector data images). 

It is a further object of the invention to be able to provide 
methods and apparatus for performing the aforementioned 
visual separation without having to use computationally 
intensive processes that consume system processing 
resources or require the use of expensive hardware to 
implement blanking and clipping schemes. 

Furthermore, it is an object of the invention to be able to 
provide a methods and apparatus for visually separating 
images generated from raster data, from images generated 
frt)m vector data (on the same display screen), which do not 
clip or blank out any data (i.e., suppress any displayed 
images) from the screen; as opposed to the use of techniques 
which suppress image generation to distinguish data type 
resulting in visual data loss. 

Further yet, it is an object of the invention to be able to 
provide methods and apparatus which accomplish the afore- 
mentioned visual separation quickly and efficiently, in real 
time under user control, utilizing the existing display hard- 
ware configuration in a given modeling system or computer 
graphics system. 

A still further object of the invention is to be able to 
accomplish the desired visual separation of vector and raster 
data type images utilizing techniques that are not computa- 
tionally intensive, that are amenable to software implemen- 
tation and do not require the addition of expensive special 
purpose hardware to the host system. 

According to the invention, the aforementioned objectives 
may be achieved by using methods and apparatus which 
allow a user to control the brightness of each type of data 65 
image (vector and raster data images) appearing on a display 
device, via modification of the value of data type oriented 
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color specification entries in the existing color table(s) in a 
given modeling or computer graphics system. 

In accordance with one embodiment of the invention, a 
method is set forth for enabling images on a display screen 
generated from raster data to be visually distinguished from 
images on the same screen generated from vector data (in the 
context of a modeling system that includes dedicated color 
table entries for specifying the color of raster data and vector 
data), comprising the steps of: (a) controlling the brightness 
of raster c^ta images on the screen in response to a first 
control signal generated by a first control means; and (b) 
controlling the brightness of vector data images on the 
screen, in response to a second control signal generated by 
a second control means. 

According to a further aspect of the invention, the afore- 
mentioned step of controlling the brighmess of raster data 
images in response to the first control signal includes the 
step of modifying all color table entries specifying the color 
of raster data in the system by a fint adjustment factor. 
Likewise, the aforementioned step of controlling the bright- 
ness of vector data images in response to the second control 
signal includes the step of modifying all color table entries 
specifying the color of vector data in the system by a second 
adjustment factor. 

According to a another aspect of the invention, the 
aforementioned first adjustment factor is added (subtracted) 
to the red, green and blue components of each color table 
entry specifying the color of raster data in the system to 
increase (decrease) the brightness of raster data; while the 
aforementioned second adjustment factor is added (sub- 
tracted) to the red, green and blue components of each color 
table entry specifying the color of vector data in the system 
to increase (decrease) the brighmess of vector data. 

A preferred embodiment of the invention contemplates 
the aforementioned first and second adjustment factors being 
variable quantities which depend on the magnimde of the 
first and second control signals, respectively. In accordance 
with an alternate embodimem of the invention, the first and 
second adjustment factors are fixed quantities. 

Still another embodiment of the invention is directed to a 
method for distinguishing raster data display images from 
vector data display images in a modeling system in which 
both raster data and vector data display images are simul- 
taneously viewable in the same display window, in the 
context of a system that includes a cathode ray tube (CRT) 
having a defined display window, a color table for storing 
color specifications assigned to data to be displayed on said 
CRT (wherein each color table entry is dedicated to speci- 
fying the color intensity of either raster data or vector data), 
a color manager for modifying color table entries in 
response to user input control signals, control means for 
inputting die control signals, a graphics manager for pro- 
cessing vector conunands, and an image manager for pro- 
cessing raster commands. 

According to this aspect of the invention, the novel 
method comprises the steps of: (a) predefining a first set of 
color table entries as vector data entries and predefining a 
second set of color table entries as raster data ratries; (b) 
increasing the color intensity of the first set of color table 
entries via the color manager in response to a first control 
signal input to the color manager by the user via the control 
means; (c) decreasing the color intensity of the first set of 
color table entries via the color manager in response to a 
second control signal input to the color manager by the user 
via the control means; (d) increasing the color intensity of 
the second set of color table entries via the color manager in 
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response to a third control signa] input to the color manager 
by the user via the control means; and (e) decreasing the 
color intensity.;of the second set of color table entries via the ... 
color manager in response to a fourth. control signal input to 
the color manager by the. user, via the control means.. . 5 
Further' steps in -the embodiment of .the invention, ' 
described inmiediatedy hereinabove ind^ 
refreshing the CRT to display vector and raster images 
. corresponding to the vector and raster commands processed; 
by - the . "graphics niaiiager and . image manager, : and (b) 10 
.updating the display to adjust the brightness of display 
images; starting witti a refresh cycle following the color 
intensity, in said color table having been modified for at least 

• one/data type,; thereby all owing, a user to distinguish between . 
•vector data iniages. and raster data images bdng displayed. .15 

According: to a preferred embodiment of the invention, 
[ the; methods contetnplated. herein are easily implementable 
- iii. soft ware,, with a visible control in the forni of a dial 
widget ■ or slider bar appearing next to the graphic field of . 
view. By changing all of the color table entries for each data 20 
type in respprise to user inputs (via the di^l widget or slider 
bar); the raster and vector data can easily :be distinguished as 
.presented. on the display screen... 

. Further aspects of the invention are directed to apparams ; 
for;.distinguishing raster data" display images from vector ^, 
.data disjplay images in a corhputer graphics system in which 
both raster data and vector data display images are simul- . 
taneously viewable -in the same display win^^^ 
■ Accordixig tb a preferred erribodirheht of the invention, 
such app^tus is iiicbrporated into kr system that includes a 

• cathode ray tube having a defined 'display window, a 
vector command processor and a raster.conimand processor, . . 

: .yt'here (itf the .system) a . first set of color specifications are . 
defined for raster type data arid a . second seit of color 
.specifications are. defined for vector type data. 
. ' The . nover apparatus in the. context of this system com- 
prises:, (a) color specification storage means, for storirig 
"color specifications assigned to data to be displayed on the 
CRT, wherein, each entry storeid in- the color specification 
storage meaiis is dedicated to specifi^ing the.color intensity 
. of either raster datk or vector data and fUrthcr wherein the . . . 
color specification. storage: means is initialized, with die first . 
and secoiid sets of color specificatioiis; (b) user input control 
liieans for inpuititig a user requ^ t to the : system, in the form ^ ^ 
of -at least one brightness control signal, to change the 
.brightness of at least one type of data image displayed on the . 
. screen; ahd;(c) color specification rnodification means, for.. 
. modifying cplbr. specification storage . means entries in 
response to the at least one brightness control signal, opera- 
tiye tO; rnodify ^1 the entries in the -first set of . color 
. specifications stored in the color specification storage means. 
. .whenever the at least, one control signal indicates that the 
brightness of raster data is to be modified, and operative to • 
modify all the entries iii the second set of color specifications • 
stored in the color specification storage means whenever the 
. at . least one control signal indicates that, the brightness of 
vector data is to be modified. 

" . Still other aspects of the invention are directed to- more, 
general methods for selectively controlling the brightaess of 50 
. raster data , images and vector data irriages. on a : display 
device in any color gr^hics system that includes dedicated 
color table= entries for ispecifying the color of raster and - 
vector data types; \ : 

The" invention* features the abiKty to easily and indepen- 65 
dently control the brighmess of raster and vector data images . ■ 

• appeariiig\on . a. display screen to assist a. user in visually - 



35 



distinguishing between these two data types in modeling 
systems and computer graphics systems where images, gen^ 
crated from the two data types can . be simultaneously 
displayed. 

. As indicated hereinbefore, an example of one such system" 
is the:IBM 5080 running GPG software: This CIS allows 
both raster data' and vector, data to be placed into a franlc 
buffer before generating the corresponding raster and vector 
data images on a CRT. thereby allowing both types of daia • 

..to.be simultaneously displayed. The aforenientioned . CIS 
uses the convention that vector data is placed into the frame 

. buffer after. raster data for each frame to be displayed so that, 
the vector data (usually in the form of line segments) is riot 
overwitten^by the raster data (usually in the form of patterns 
that would obliterate underiying vector data). This conven- 
tion is assumed. to be followed in any system employing the 
inventioii that allows both data types to be written to a single; 
frame buffer before generating the data images on a GPT. ' 

Further. features of the invention include being able, to 
perform the" aforementioned visiial separation without hav- 
ing to use computationally intensive processes that consume 
system processirig resources or require tiie use of expeiisiye 
hardware to implement, blanlcing and . clipping schemes; 
enabling :a user to visually, sqsarate images generated from 
raster data from images generated from vector data;(6ri the 
same display screen), while not clipping or blanking out any 

. data; and being able to accomplish the aforementioned 

. visual separation quickly and cfficicntiy, in real time under, 
user control, utilizing the existing display hardware corifigu- : 
ration in a given modeling system or computer graphics 
system, using "techniques that- are ariienable to software 
implementatiori. and. which are easy, to retrofit into existirig: 

. commercially.:available gr^hics. systems. .. 

These arid other objects and features of the present 
invention and die marmer of obtaining them will become , 
apparent to those skilled in the. ait, and the invention, itself, 
will be best understood by reference to the following: 
detailed description read in conjunction with the accompa- 
nying Drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS ■ 

FIG. 1 depicts an example of the. raster data image of a. 
road being displayed on a screen (e.g., a cathode fay. tube), 
together with a vector data image of the sarrie road. . 

FIG. 2 depicts how prior an masking techniques (hard-., 
ware oriented blanking or clipping schemes) can be used to 
visually s^arate and highlight the vector data image from- 
the raster data. image depicted in FIG. 1. 

FIG. 3 depicts in block diagram fonri the elements of an. 
exerriplary prior art idbdeling system in which the invention 
may be advantageously used. In particular, FIG. 3 depicts 
portions of a commercially available Geographic Informa- 
tion System (GIS) in which-thc invention may be practiced. . 
■ ■; HG. . 4 depicts .in greater detail ■ the Enabler • Services-- 
portion of the exemplary GIS system depicted in FIG: 3. In 
particular, FIG. 4 depicts, color specification modification 
means (the depicted "color manager") which, according to 
the teachinjgs of the invention, can be made to respond to- 
user input signals to alter the color specifications for raster 
data and/or ' vector data maintained in a color table, 

FIG. 5 depicts in. greater detail the GIS Services portion 
of exemplary GIS system depicteid in . FIG;: 3. ' 
..FIG. 6 depicts an e;xemplary color table that includes . 
color, specification entries for both raster data and vector 
data. The color, table depicted in FIG. 6 is typically stored in 
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memory accessible by the color manager depicted in FIG. 4. 
with the memory being an example of the color specification 
storage means referred to hereinafter, 

FIG. 7 depicts a set of exemplary prior art graphics 
commands which are executed and re-executed in a display 5 
subsystem to continuously update and refresh the image 
displayed on a display device. 

FIG. 8 depicts a prior art hardware configuration which 
supports a preferred embodiment of the present invention. 
Such a configuration includes software, in the depicted color 
manager, operating in accordance with the teachings set 
forth herein, to modify color specification entries in (for 
example) the color table depicted in FIG. 6. 

FIG. 9 depicts how a slidw bar may be used, in accor- 
dance with one embodiment of the invention, to control the 
bright of displayed data images. 

FIGS. 10 depicts, in the form of a summary flow chart, the 
user interaction and resulting process steps contemplated by 
a preferred embodimem of the inveniiorL 20 

DETAILED DESCRIPTION 

FIGS, 1-2 illustrate the type of problem that can be solved 
utilizing the present invention. 25 

FIG. 1 depicts an example of the raster data image of a 
road (cross-hatched data image 101), being displayed on 
display surface 100 together with a vector data image of the 
same road (line segments 102a, 102^ and 102c). The other 
symbols appearing on display surface 100 in FIG. 1. such as 30 
the feature labeled 103, are meant to represent structures 
adjacent to the depicted roadway such as trees, etc. 

The convention of placing raster data into a frame buffer, 
followed by placing any vector data to be displayed into the 
same frame buffer, is assumed to have been followed. 35 
Normally, such a buffer is "flushed" after the images to be 
displayed are generated. The buffer is then normally refilled 
during the next display cycle, in accordance with well 
known graphics processing techniques, to implement dis- 
play commands that have been input to the system. 

Assuming, for example, that raster data can be any color 
in a defined color spectrum, it would be impossible to visibly 
distinguish the raster data image from the vector data image 
depicted in FIG. 1, based on color alone. This is an example 
of one type of problem solved by the present inventioiL 

A prior art approach for highlighting the vector data is, as 
indicated hereinbefore, the use of hardware oriented blank- 
ing and clipping techniques, such as those taught in the 
aforementioned Grothe et al reference. Utilizing such tech- 
niques, a region surrounding the vector data image could be 
*1)lanked out'* (shown as region 205 in FIG. 2), thereby 
highlighting the vector data image Oine segments 202a, 
2026 and 202c corresponding to line segments 102a, 1026 
and 102c in RG. 1), at the expense of losing some of the 
previously visible raster data image (101 in FIG. 1). shown 
as raster data image 201 in FIG. 2. 

The invention described herein allows the vector data 
image in FIG. 1 to be visually distinguished from the raster 
data image of FIG. 1 without requiring the use of any special go 
purpose hardware or requiring the aforementioned hardware 
oriented blanking and clipping techniques to be applied. 
Consequently, the aforementioned data loss problem can 
also be. solved by utilizing the present invention. 

According to the invention, the raster data image and 65 
vector data image depicted in FIG. 1 are distinguished by 
controlling the brightness of each data type being displayed. 
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According to a preferred embodiment of the invention, 
the brighmess of each data type can be controlled indepen- 
dently, with each data type image being made brighter, 
dimmer or held at the same intensity, under user control. 
Alternatively, the invention also contemplates systems 
where the user controls the intensity of both data types in a 
dependent fashion, i.e., whenever the intensity of the image 
corresponding to one data type is intensified, the other data 
type image is automatically reduced in intensity. 

These and other embodiments of the invention will be 
explained in greater detail hereinafter following a brief 
description (set forth for the sake of completeness) of an 
exemplary geomedic modeling system, a GIS, (described 
with reference to FIGS. 3-5), in which the invention may be 
used. 

Reference should now be made to FIG. 3 which depicts in 
block diagram form the elements of the exemplary GIS. 
Such systems are well known by those skilled in the art. 

The exemplary GIS system depicted in FIG. 3 may be 
realized by a combination of the aforementioned GPG 
software, as described in the previously incorporated refer- 
ence, and, for example, the aforementioned IBM 5080 
computer system, operating in a IBM System 370/390 
environment The GPG software, IBM 5080 and IBM 370/ 
390 computers referred to hereinabove are all commercially 
available hardware and software products. 

Other computer systems that can support the illustrative 
GPG GIS system in the exemplary system 370/390 envi- 
roiunent include commercially available IBM PS/2 prod- 
ucts, the IBM 3277-GA and the IBM 3270 PC/AT-3005. 
Each of the aforementioned products typically include a 
display (CRT), mouse, optional digitizer, and keyboard for 
allowing the user to interface with GIS 300 (as depicted in 
FIG. 3) via the Enabler Services 301 portion of GIS 300, 
also depicted in FIG. 3 and described in greater detail with 
reference to FIG. 4. 

Corrunercially available software packages, such as 
Microsoft Windows Version 3.1 ("Microsoft" and **Win- 
dows" are trademarks of the Microsoft Corporation), run- 
ning on, for example, the IBM PS/2 (shown coupled on links 
398-399 to GIS 300 in FIG.3). can be used to present tiic 
user with slider t>ars, dial widgets, etc. (displayed on the 
CRT), and serve as an example of an interface between the 
user and the Enabler Services 301 portion of GIS 300 for 
supporting the invention being described herein. 

Generally speaking, the Enabler Services 301 portion of 
a GIS system (\iko GIS 300), services input/output requests 
between the user and the rest of the GIS system. The Enabls- 
Services 301 portion of exemplary GIS 300 (depicted in 
greater detail in FIG. 4), is shown (in FIG. 4) to include (1) 
digitizer manager 401; (2) graphics manager 402; (3) an 
image manager 403; (4) process manager 404; (5) language 
manager 405; (6) color manager 406; (7) printer manager 
407; and (8) scanner manager 408. Managers 401-408 (i.e., 
managers capable of performing the functions ascribed to 
each of the aforementioned managers, all of which are 
discussed hereinafter), are commercially available having 
been implemented as part of the GPG software referred to 
hereinabove and in other graphics systems. 

Digitizer manager 401 (in the GPG context) is used to 
collect information (vector type data) from a digitizing tablet 
and input the information into GIS 300. In the same context, 
graphics manager 402 is used to manage the input/output of 
vector data to/from a display screen; image manager 403 is 
used to manage the output of raster data to a display screen; 
process manager 404 is used to manage all conununication 
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and programs in the entire GIS 300; language manager 405 
is used to interpret applications fnTOgrains; color manager 
406 is used to control screen color; printer manager 407 is 
used to output information to a printer, and scanner manager 
408 is used ; to. manage the input.of raster data to the GIS; 
. - TTie next, pbit^^^ GIS 300;diepicted in FIG. 3 is the 
hardware and software, making up GIS Services portion. 302 
of the system.- Several typical GIS. Services, such as those 
provided by: the aforc are identi- 

fied and "will be explained in greater detail hereinafter with \q 
reference to. pG. Sy ppr now it is sufiEcient to say that these . 
services. coidd:be,- for. example services, GPS/. 

seryicieSjv accounting sem involve, (l).'the . 

capture.bf data (for example, a mouse pointing to a river bed, 
. and tracinjg the river over a screen); (2) the manipulation of 
^data (for example, moving a n)ad on.a liiap. moving the ' 
location of a fire hydrant, etc.); (3) the analysis of data (such 
as solving minimum and 
(4) reporting the iresiilis of GIS Services processing (for 
example^ geuCTating a report, plotting points and/or drawing 
pomts on a tUspiay^iscrBen. e :^ 

FIG. 3 also depicts a Database Services portion 303 of 
\GIS 300, whidh manages work space (also contained within 
Database Services portion 303 of GIS 300) allocated to the 
GIS -Semces ' poA^^ of GIS 300^ 
; system 304 (su.ch':a5, ' for example,- the commercially avail-. 25 
..lablev VM • pperatinjg system), for managing, the 

interface! betwcCT^ arid; a. host computer (a main : 

. . frame interactive product), . such as the aforementioned:IBM 
. System .370/390^ computer (shown at 305 in FIG. 3). 
- As iricHcaied hereinabove, FIG. 5 depicts in greater detail 
the/GIS " Service. portion (fK)rtion -SOi- in FIG. 3), of the 
exemplary GIS system 300 depicted in FIG; 3. The exein-: 
.plaTy.GIS; S.eryioes:porti^ 302 is. shoyra to include. (usually 
..in the' fom. of soft ware). a. data;capture utility. (SOi)^ a data 
^mbdcl . editor (502); .polygon fom and polygon query 
sections (503 and, $04, respectively); a network trace section 
. (505); linear and: jwlygpnigeoinetiy utility packages (506 
and:507, T^specti^ in FIG. 5) 

: for;convcrting between a sct.of defiricd cooridinatc systems, 
i:such as. the .device,' modeling .and database, coordinate sys- 
tems depicttd-in HGi 5 at 580;i585 and 5SI>6 (with the various : 
cocnrdinate systems -being defined as "set forth hereinb 

■ w . The data capture . utility .501 . ihay be used to capture data 
; input to -GIS SOO-yia Enabler Serviceis 301.- by. for example. 

the aforemeri^ pointing -to a river bed and 

tracing the river over a; screen coupled to GIS\300.- - 
. Data, model" editor 502 may, for example, be used to 
• perform a data analysis function which involves obtaining a 
solutions :to:th.e aforementioned tninirnum distance determi-. 
nation problems:.: . 

• Poiygori fonnation sectipn 503 and polygon query section 

504; in^y .be used to literally fonn polygons given a set, of 
..data, points, to analyze data in such, a way . as . to .answer, 
-qiiestions such as.'^/How close is. the tiearest fire . hydrant to 

a piece of- property represented by a given polygon?",etc 
. ' Network trace . section 505 may be used,'-f or example, to . 
■..determiiie^the' shortest path between two nodes in a given 

hetworic: - - 

'/The 'linear geometry utility package 506 depicted iri FIG. 60 

■ 5 may, for example,, be lised to cornpute the -distance ' • 
between two or more points, solve minimum distance deter- 
niihation problems, etc:, when called upon to do so by, for. 
example, data model editor 502. Likewise, polygon geom- 

.etry utility package 507,.. mayi for. example, be used to 65 
compare the area of parcels, detiennine the* length' of the 
periineter^of an object, etc. 
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The known "processes for distinguishing between vector 
dka images and raster data images - (hardware oriented 
blanking and clipping schemes, etc., as described hcreinbeV 
fore), do not utilize any utilities like those fouri'd in the 
.Enablcr Scryiocs- portion .301 of GIS 3(k)" (usually imple-/ 
mented in software), to achieve their objectives. . , 

-By way of contrast, as will become clear with reference' 
to. the description of the invention being set forth herein, the 
present, invention takes advantage of a utility like color 
manager 506 in the exemplai7 system, and. a color table , 
stored as;, a, data set in, for example;, color specification 
.storage nieans- to . which the color manager is coupled, to .. 
distinguish between . vector data images arid raster dataV 
images displayed on a CRT. In fact, according to one 
embodiment of the invention,- cplor rnariager 506 (under user 
. control), in the exemplary system, is used as color spccifi-:. 
. cation modification means. lii other words, color manager 
506 is used to modify color table entries associated- with 
raster data, vector data, or both, under user control, to affect 
:the brightness of displayed data iniages. . ' 

Before describing an Dlustrative embodirnent of the 
invention per se; reference should be made to. FIGS. 6-7 
which, depict an exeniplary color table that incliides color 
specification, entries, for both raster data, and vector: data 
(FIG. 6), -and a set of exemplary priotr art graphics, corn- 
maiids (shown \ iri FIG. 7) which are executed and tc-- 
executed in a display subsystein to continuously updkte arid 
refresh the. image displayed on a display device; ... 

The illustrative color table 600 shown in FIG. 6, is divided 
into two portions (which could of course be separate tables , 
as well); a first portion, 601,; in which all the entries (slots), 
are reserved for specifying the color of raster data; , and. a 
second portion, 602, in which all. the slots are reserved -for ; 
specifying the color of vector data. 
.. As itidicated hereinabove, a partitioiied color table, in" 
which raster, and vector data are intentionally storied: in . 
mutually exclusive portions of the table, like table 600, is- 
(accqrchng to the teachings of the invention arid not .the prior 
art) typically stored iri a.data set in storage :mcans (referred 

■ to herein as color specificatibri, storage means): associated ■ 
with a display subsystenL. • . 

The use of such tables for storing entries: which' arie: 
associated with ."typed data" (specifically refresh and hon- 
refresh data). is' well known and. is used, for example, in.the 
conirriercially available IBM GPG GIS system, hmnihg on 
the IBM 5080,- rcfeired to hereinabove. By way of contrast, 
the prior art does not teach or suggest the use of a color entry ^ 
table partitioned, into mutually exclusive sets of raster and . 
[ vector data entries for any purpose, let alohe.for the purpose . 
of cohtrolUng brightness. Those skilled in the art will readily 
appreciate that there is no correlation between refrcsh/non- 
refiresh data and raster/vector data. For example, vector data 
can.be both refresh and non-refresh data and the same holds, 
-true for raster data. : . . - , ' 

■ Tlie illustrative colbr.table depicted in FIG.. 6 goes on to 
show a table structure similar. to. the one described in the 
aforementioned Burke et al reference, i.e.; a structure where 
each entry includes a byte for. spedfyirig the intensity of the 
red, . blue and green content of data being displayed. Color 
tables, .such, as the one depicted in FIG. 6, facilitate the 
sequential assigtuncnt of a particular intensity and hue for 
each pixel being illuminated by a display subsystem on. a- 

" display siirface. 

The red, blue and green components of each color speci- 
fication entry (i.e., the bytes referred to in the Burke et al 
patent), are also shpwn in FIG. 6; with the illustrative yalues 
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'*2", "4" and "6" being stored in slot 0 (one of the 240 slots 
to which raster data may be assigned using the illustrative 
table 600). 

Reference should now be made to FIG. 7 which, as 
indicated hereinabove, depicts a set of exemplary prior art 5 
graphics commands which are executed and re-executed in 
a display subsystem to continuously update and refresh the 
images displayed on a display device. Suitable commer- 
cially available applications programming interfaces for 
processing the exemplary commands depicted in FIG. 7 are jq 
GASP and graPHIGS ("GASP" and "graPHIGS" are trade- 
marks owned by the International Business Machines Cor- 
porauon). 

The command types depiaed in FIG. 7 aUow users to 
interact with a graphics system and, for example, enable a 15 
user to draw an image (utilizing the depicted raster com- 
mand "draw_image (the Image)"), which, in the exemplary 
GPG GIS system in which the invention is being described, 
results in an array of 1024x1024 bytes, with each byte 
having a number which corresponds to an index into the 20 
aforementioned color table. 

A command like "draw_imagc (the Image)", would, 
according to the illustrative GPG GIS system in which the 
invention is being described, be initially processed by the 
aforementioned image manager 403 (shown in FIG. 4), and ^ 
then be processed by the aforementioned GASP interface 
(sometimes referred to hereinafter as a graPHIGS type 
interface) which creates the rendering to be displayed on the 
display screen. The graPHIGS type interface also maintains 
the commands that are being executed in a display list buffer. 30 
The commands being processed are continually executed 
and reexecuted by a facility such as GASP or graPHIGS, to 
refresh a frame buffer located, in the exemplary IBM system 
5080 context, in the display subsystem. 

35 

Before actually causing an image to be drawn, the 
graPHIGS type interface utilizes the aforementioned index 
values into the color table to look up the color specification 
information stored in the color table. In this manner the color 
value to be displayed at each pixel is ascertained by the 
graPHIGS type interface and placed into the frame buffer ^ 
each display cycle. 

Also shown in FIG. 7 are exemplary vector commands, 
such as "set_color (slot 250)", which allows a color in a 
particular slot in table 600 to be set to a user specified value; 
"draw_line (0,0,100,100)", which allows the user to speci- 
fying the endpoints of a line segment (in this case (0,0) and 
(100,100)) to be drawn by, for example, a graPHIGS type 
interface; and "draw_point (90 90)", which allows the user 
to specifying a point (in this case (90,90)) to be drawn. 
According to the illustrative GPG GIS system in which the 
invention is being described, vector type commands would 
be initially processed by the aforementioned graphics man- 
ager 402 (shown in FIG. 4), and then be processed by the 
aforementioned graPHIGS type interface which creates the 
line, point, etc., to be displayed on the display screea 

Having described a commercially available modeling 
system (in particular a GIS system) in which the invention 
may be practiced, with specific reference to exemplary 
seaions of the Enabler Services portion 301 of GIS 300 ^ 
where raster and vector data are managed for display pur- 
poses; attention will now be directed to how the invention 
may be applied to visibly distinguish raster and vector data 
images that are simultaneously visible on a display device. 

Reference should now be made to FIG. 8 whidi depicts a 65 
hardware configuration which specifically supports an illus- 
trative embodiment of the present invention. According to 



the illustrative embodiment of the invention, software 
included in the depicted color manager 801 (corresponding 
to color manager 406 from FIG. 4), is used, in the maimer 
taught hereinafter, to modify color specification entries in 
the depicted color table 802, which may, for example, be 
strucujied like color table 600 shown in FIG. 6. 

The system depicted in FIG. 8 includes the following 
components: 

(1) a graphics manager 810, which may be realized by the 
graphics manager 402 referred to hereinabove (with 
reference to FIG. 4). available as part of the conamer- 
cially available GPG GIS system; 

(2) an image manager 811, which may be realized by the 
image manager 403 referred to hereinabove (with ref- 
erence to FIG. 4), available as part of the commercially 
available GPG GIS system; 

(3) the commercially available graPHIGS type interface, 
812,, refened to hereinabove, which may, for example, 
be run on an IBM PS/2 computing system; 

(4) the aforementioned color table 800, included as part of 
most commercially available color graphic display sub- 
systems; 

(5) the aforementioned color manager 801, included, for 
example, as part of the Enabler Services 301 portion of 
commercially available GIS systems, such as the GPG 
GIS described hereinbefore with reference to FIGS. 
3-5. 

(6) Frame buffer 815 and COT 817, included as part of 
most commercially available color graphic display sub- 
systems; and 

(7) a utility package, such as the aforementioned 
Microsoft Windows version 3.1, (shown in FIG, 8 at 
820), which allows a user to visualize control elements 
such as software generated slider bars, control knobs, 
etc., displayed on CRT 817. 

The control elements generated by the user control utility 
(such as Wndows). arc represented in block 825 of FIG. 8; 
however, as those skilled in the art will readily appreciate, 
the actual images of the control element(s) arc output to CRT 
817 via the Wmdows/graPHIGS type interface, 350, 
depicted in FIG. 8. Also, those skilled in the an will 
recognize the ability to generate control elements for display 
purposes and to react to user inputs via these elements, could 
be resident in another utility, such as (for example) illustra- 
tive color manager 801, without departing from the scope or 
spirit of the present invention. 

According to tiie invention, color table 800, color man- 
ager 801, a utility (such as Wndows) shown at 820. and the 
control elements represented by 825, are the key compo- 
nents which can be placed in combination in existing 
graphics systans, witiiout having to modify or add any 
hardware, to allow a user to visually separate raster and 
vector data images by modifying the color specifications 
stored for these data types in color table 800. 

In FIG. 8, color table 800 is shown coupled to color 
manager 801 via link 851; color manager 801 is shown 
coupled to the exemplary Windows program (820) via link 
852; and the utility at block 820 (e.g., Windows), is shown 
coupled to the control elements depicted in block 825 via 
link 853 (with the actual images being sent to CRT 817 via 
link 850 as explained hereinat}Ove). 

According to an illustrative embodiment of the invention, 
the Windows program (for example), using well known 
techniques, can be used to display a pair of software 
generated slider bars on the display screen. One of these bars 
may be arbitrarily assigned for the control of raster data, 
while the other bar is assigned for the control of vector data. 
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. Assuming the bars are. set at an initial position recognized 
by the Windows program;' any mpvemmt by the user of a . 
giyen bar in one.cUrection may be used to signal that the user 
- wishes to increase the intensity of the data type controlled by 
tiie paitic^ar sUder bar; while movement in. the opposite 5 
direction may be used to signal that the user .wishes, to 
decrease , the -intensity of the data type: controlled by that : 
' same, slider ;bar. Such .an aataiigemeiit' wdiild' allow: for = 
mdcpcnderir control of the brightness of the disjplaiycd data 
/types. - . . . ■' *■• ■ "lo" 

* ; . FIG. 51 depicts. bow a :slidcr bar. (or bars) ihay. be used, in 
accordance with one embodiment of. the inventiohi to con- ' 
trol the brightness ; of displayed '■ data images. The example 
depicted in FIG:: 9 shows & slider bar for controlling one 
.data type (say; raster daU). in: an initial start position as. 1 5 
shown on the 'display iiiiage represented in block 901. This 
.iniag'e:can; -as -indicated hereinabove, be generated and 
dpritrolied using a utility such * — 

• Should the user cause the slider bar to be ofFsetv such as 
depicted in block 902 . of FIG.;. 9, a. utility (such as the .20 
.Windows utility .shown : at block 820 of. FIG. . 8),. could, 
calculate the offset of the bar from its:nonnal position (as . 
shown at -block 903^^^^^ FIG. 9). Once such ^ an offset is 
;: calculated.: pie lutility >yould inform color manager 801 (via 
link.852):of/any. change and then cplor manager 801 .would 25 
. rnake. all .colors allocated to (controlled by): the slider bar, 
•brighter or. dimmer (as shown at blocks 904 and 905 of HG. 
••9,- respecti vely y; base^ on the user having offset the slider bar . 
in .a, given directioh. Ihis .can be accomplished, according to - 
to;..iiivention,;: by. adjusting ail .pf:te color table entries 30 
, stored: in color specification storage, means (in which color . 
ti^le'.800. is .stor£id),.by an adjustment, factor. 

The adjustment factor could be a fixed quantity, a variable • . 
dieipendent on the degree of offset of the slider bar from the = 
normal: position, etc. .in. any . event, what is important is that 35 
. all of the' color table entries,.: for . the data . type , under the . . 
: . cohirbl of a defined control element, be modified in response: 
to the vuser: control signal generated when, for examplCi a 
slider bar is rioyed! - 

-An aitema,tivc emb^ the invention contemplates .40 

only a single slider" bar or other control element being; 
-presented to the user,, with the color, table. entries associated 
with one '■ of the data types . (such as . vector data) all being : 
adjusted in one direction (positively or negatively depending 
-oil the directioh or niovement of the control element); while 45 
all pf the color ;table entries associated with the other data 
type ^. adjusted in .the "opposite direction for: the. same . . 
.mdveirient. of. the control element. M on the : 

amount of adjustment, 'whether adjustments are .made inde- 
pendently, dependehtly, etc., . can be envisioned by , those 50 
skille^ in the art. ^without departing ftom^^^ j 
of. the invention which focuses on modifying (adjusting) all. . 
of the color, specification enUies assigped.to. a given, data 
type,; upon recognitibn'Of a coriirbl signal generated by a 
lisCT (or eycmi p • 55 

.. ' Tije required ^adjii color table entries can, accord- . 

irig to one embodiinent of the invention, be implemented by . 
the aforementioned color manager 801 (an example of color 
specification modificadpn meaiis), utilizing a simple incre- 
ment/decrement scheme. . 60 
; ■ : Ln response to. a first signal generated by a -given control 
element (for .example, when a slider bar as depicted in FIG. ' 
9 (at 902) is moved to the right), all of the color spiecification 
entricis imder the control of that slider bar could be incre- ; 
mented by a fixed amount; ^a second control signal generated 65 
when the bar. is moyed in the opposite direction, could be. 
used -to cause all of. the. color specification entries imder the ' . 



control of that slider, bar. to. be decremented,, etc. A corre- . 

. spending third and fourth signal could be iised for a second 
slider bar controlling, color table entries associated with the 
other data type.. . ^. *. . ." 

. " ITie afbrementioned ' increment/decrement . scheme.- 
(whether fixed adjustmetit factors or variable: adjustrnent 

•factors iarc used)',- may- be easily iinplemented by those 
skilled in the art lising siniple hardware control; logic or, 
according to the preferred embodiment; of the invqition, 
software. ; All that . need be done (in one example), is to 
recognize the presence of an input brightness control signal 
(e.g:,.by the software checking. a status bit or counter set or 
modified by the presience of the control signal); and.theh, for . 
example, incrementing each color table entry for the aiffcctcd - 
data type by an iadjusiment factor associated with the control . 
signal whenever such signal is. present. 

Further reference shduld be made to FIG. 8 which shows 
all the elements of an exemplary system for supporting the . 
invention, and how these elements cooperate. : . 

As indicated hereinabove, graphics manager 810 and 
image manager 811, both found in coraniercially available 
GIS systems, may be useid.to communicate with a commerv 
cially available - graPHlGS type interface, to process both 
raster and vector cbmmahds (such as those depicted in FIG. 

. 7). Manager. 810 and Sil are shown coupled to graPHIGS 
type. interface: 812,, via links 830 and 831: respectively. 

As indicated hereinabove, a gfaPHIGS type interface 812.' 
may be run on an IBM PS/2 system, and is used to place the. 
image to.be displayed for the upcoming frairie into frame - 
buffer 815 (part of the display subsystem). . 

* Since, the graPHIGS type interface is continuously execut: 
ing the display program (set of display, commands) stored in 
the display list buffer referred to hereinabove (not shown in, 
FIG. 8, but part of the display subsystem); if a change occurs 
in color table values, these changes ; are • reflected by 
graPHIGS type interface input to the frame .buffer (as:: 
explaoned hereinabove) during : the : frame following .the 
frame in which the chiarigeis are made to the color table (by^ 
for example, color manager 801 in the manner described 
hereinbefore), and images with their brightness having been 
varied are. displayed on eRT:817 diinng the iicxt display ^ 

. frame. : . ..': 

This brightness modification of data images appearing on . 
CRT 817 appears to be happening in real time to a user 
manipulating the control elernents (block 825 of FIG; 8). and., 

• viewing .CRT 817- 

This is because each display, cycle, with the graPHIGS ^ 
type interface executing the commands in. the display, list 
buffer, the interface indexes into col or table 800 to determine: 
color specification values, via link 845 shown in FIG. 8. - If 
the values in the color table assodaied with one or more data 
types. has changed; then the new/color (a brighter, one, or 
dimmer one for. each pixel illuminated with the color speci- 
fied by a . modified color table entry),, is. output to frame 
buffer 815 (by graPHIGS type interface 812 via link 846); 
. for .dsplay on CRT 817 (via link 847). ' 

Thus, according tp :one embodiment : of the . invention, 
color table entries may.be modified byiuser action .with the . 
result that the user may be able to distinguish data type 
images (such as raster data images frorn.yector data images), - 
based on. the brightness -of -the iriages appearing on 
CRT 817! ... 

Finally, reference should: be made :.to FIG. . 10 which 
depicts, in the form' of a. summary- flow chart, the user 
interaction and resulting process steps contemplated by a 
preferred embodiment of the invention. 

In particular, FIG.. 10 depicts: an exemplary GIS environ- 
ment. (shown at block 1001), under which a user may.input 
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vector and raster commands as shown at blocks 1010 and 
1020 respectively. 

In either case, a color manager is presumed to allocate a 
fixed number of slots in a color tabic for vector data and a 
fixed number of slots for raster data as shown at blocks lOU 5 
and 1021, respectively. Those skilled in the art will recog- 
nize that some systems may even allow for a variable 
number of slots to be used for different data type assign- 
ments. In these situations, any software or logic developed 
10 modify all of the data under the control of a given control jq 
clement, would have to be informed of any changes in slot 
assignments between data types so that the adjustment 
factor(s) used in response to input control signal(s) would be 
used to modify the appropriate color table entries. 

HG. 10 goes on to show a display of ovwlapping vector 15 
and raster data on a screen taking place at block 1025. 

Block 1026 of FIG. 10 indicates that a color manager (or 
other utility, such as the aforementioned Windows utility in 
combination with a preexisting color manager), display 
slider bars on the screen. According to the illustrative 20 
embodiment of the invention being described, one of the 
bars is for the control of the brightness of raster data; while 
the other bar is for the control of the brightness of vector 
data. 

The user is shown to adjust the slider bars to suit viewing 25 
needs, at block 1027 of HG. 10. 

Finally, blocks 1028 and 1029 of FIG. 10 indicate that if 
the user wishes to concentrate on vector data, die bar used 
to control vector data is positioned to make vector data 
brighter and the bar used to control raster data is positioned 30 
to make such data dimmer (block 1028); while the opposite 
scenario is presented at block 1029. Obviously, the user may 
manipulate one of the bars or both to suit viewing needs. 

What has been described in detail hereinabove are meth- 
ods and apparatus meeting all of the aforestated objectives. 35 
As previously indicated, those skilled in the art will recog- 
nize that the foregoing description has been presented for the 
sake of illustration and description only. It is not intended to 
be exhaustive or to limit the invention to the precise form 
disclosed, and obviously many modifications and variations 40 
are possible in light of the above teaching. 

The embodiments and examples set forth herein were 
presented in order to best explain the principles of the instant 
invention and its practical application to thereby enable 
others skilled in the art to best utilize the instant invention 45 
in various embodiments and with various modifications as 
arc siiited to the particular use contemplated. 

It is, therefore, to be understood that the claims appended 
hereto are intmded to cover all such modifications and 
variations which fall within die true scope and spirit of the 50 
invention. 

What is claimed is: 

1. A method for enabling images on a display screen 
generated from raster data to be visually distinguished from 
images on the same screen generated from vector data, in a 55 
modeling system that includes a color table partitioned into 
a first set of color table entries each dedicated exclusively for 
specifying the color of raster data and a mumally exclusive 
second set of color table entries each dedicated exclusively 
for specifying the color of vector data, comprising the 
steps of: 

(a) controlling die brightness of raster data images on said 
screen directly in response to a first control signal, 
generated in real time by a first control means, which 
causes all of the entries located in said first set of color 65 
table entries to be incrementally modified simulta- 
neously to thereby adjust the brightness of all raster 
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data images displayed during a given display cycle, via 
a single user operation in which color table entry 
modification is transparent to the user; and 
(b) controlling the brightness of vector data images on 
said screen directly in response to a second control 
signal, generated in real time by a second control 
means, which causes all of the entries located in said 
second set of color table entries to be incrementally 
modified simultaneously to thereby adjust the bright- 
ness of all vector data images displayed during a given 
display cycle via a single user operation in which color 
table entry modification is transparent to the user, 
whereby the user is able to view an animated color differ- 
entiation between vector and raster data as the user adjusts 
vector and/or raster data image brightness. 

2. A method as set forth in claim 1 wherein said step of 
controlling the brightness of raster data images in response 
to said first control signal further comprises the step of 
modifying all color table entries specifying the color of 
raster data in said system by a first adjustment factor. 

3. A method as set forth in claim 2 wherein said first 
adjustment factor is added to the red, green and blue 
components of each color table entry specifying the color of 
raster data in said system to increase the brightness of raster 
data. 

4. A method as set forth in claim 2 wherein said first 
adjustment factor is subtracted from the red, green and blue 
components of each color table entry specifying the color of 
raster data in said system to decrease the brightness of raster 
data. 

5. A method as set forth in claim 2 wherein said first 
adjustment factor is a variable quantity. 

6. A method as set fortii in claim 2 wherein said first 
adjustment factor is a fixed quantity. 

7. A metiiod as set forth in claim 1 wherein said step of 
controlling the brightoess of vector data images in response 
to said second control signal further comprises the step of 
modifying all color table entries specifying the color of 
vector data in said system by a second adjustment factor. 

8. A method as set forth in claim 7 wherein said second 
adjustment factor is added to the red. green and blue 
components of each color table entry specifying the color of 
vector data in said system to increase the brighmess of 
vector data. 

9. A method as set forth in claim 7 wherein said second 
adjustment factor is subtracted from die red. green and blue 
components of each color table entry specifying the color of 
vector data in said system to decrease the brightness of 
vector data. 

10. A method as set forth in claim 7 wherein said second 
adjustment factor is a variable quantity. 

11. A method as set forth in claim 7 wherein said second 
adjustment factor is a fixed quantity. 

12. A method for distinguishing raster data display images 
from vector data display images in a modeling system in 
which both raster data and vector data display images are 
simultaneously viewable on the same display window, 
wherein said system includes a cathode ray tube (CRT) 
having a defined display window, a color table for storing 
color specifications assigned to data to be displayed on said 
CRT, wherein said color table is partitioned into a first set of 
color tabic entries each dedicated exclusively for specifying 
the color intensity of raster data and a mutually exclusive 
second set of color table entries each dedicated exclusively 
for specifying the color intensity of vector data, a color 
manager for modifying color tiable entries in response to user 
input control signals, control means for inputting said con- 
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trol signals,, a graphics manager for processing vector com- 
mands; and. £01 image manager for processing raster com- 
•mands. comprising the steps of: 

(a) predcfihiiig said first set of color table entries and 
- predefining second set of color table- entries ; 
• (b) increasing simultaneously in real dme the color inten- 
. . sity of all of the entries in said ^first set of color table 
entries.via said color managCT.directly in response to a 
; first control signal input to said color manager by the 
user via said control means" to thereby increase the 
-brightness of -all raster data images displayed during a 
. ^yen display cycle, via a single user operation in which 
cblor table entry niodification is transparent to the user. 
. (c) (lecrcasing simultaneously in real time the color inlen- . 
sity. of all of the entries in said first set. of color table 15 
' entries- via said color manager directly in response to a * 
,.fim control signal, input to said color manager by the . ■ 

■ :■ usCT via said control means to thcrcb'y decrease the 
; brightness of ail raster data images displayed during a 
' . ..given display cycle, via a single user operation in which . 20 
' . -col or table entry modification is transparent to the user; 

; : . (d) . increasing simultaneously in real, time the color inten- 

sity of all of the'entries in said second set of color table ' . . 
- : ' . entries via said color manager directly in response to a 
^ ' second cohbol. signal input to said color nianager by the 25 
usCT via said . control .means to thereby increase the 
. . . brightness of all vector data images displayed during a . 
. . given display cycle, via a single user. operation in which . 
. color table.entry rriodification is transparent: to the user; 
(e) decreasing simultaneously in real time the color inten- 
sity of all of the entries in said second set of color table 
. entries via said colormanager directly in response to a 
second control signal input to said color manager by the 
user via; said .control means to thereby decrease the 
brighmess of all vector data images displayed during a 
; given display cycle, via a siiagle user operation in which 
: color table entry modification is iranisparent to the user, . 
Whereby :the user is able to -view an animated color differ- 
entiaition; between vector and raster data as the liser adjusts 
•^vector and/pr - raster data image brightness. ' 
. .13. A method: as set forth in claim 12 further comprising 
ithe steps of: 

. (a) periodically, refircshing said CRT to display vector and . 
. : '.raster images corresponding, to the vector and raster 
'■ .cominands .priocessed by' said -graphics manager and. 

: . (b) updating; said :display to adjiist the brightness of. 
display images starting with a refresh cycle following- 
\ t^^ in said color table having been 

' ■ . modified.fqr ai least one data type, thereby allowirig a 
user to .distinguish between .vector data images and 
. . raster data images being displayed;. 

14. A mcihod for selectively controlling the brightness of 
raster data -images and vector data images on a display 
jcreeii in a cpn^puter graphics system that includes a color 
table partitioned ^into a first set of color table entries each 
dedicatesd; exclusively for specifying the color of raster data ; 
and a mutually- exclusive second, set of color table entries ■ 
e^h dedicatwl exclusively for specifying the color of vectw 
data, cominising ithe steps of: 

(a) ", inpiitting' a .usci* request to said : system to <±ange' the 

■ - brightfiess of either said raster data, said vector data or 

both said raster data and said vector data being dis- ; 
. played on said screen in real time; and 

(b) simiiltaneously incrementally modifying all color 
table entries in said first set of color table entries 



whenever the input user request is to change the 
brightness of raster data, simultaneously incrementally 
. modifying all color table entries in. said second set of 
color table entries whenever the input user request is to 
change the brightness of .vector data and. . simulta- 
neously. iiicrementally modifying all color table entries, 
in botli said first and second set of. color table entrieis 
whenever the input user request is to change the 
brightness of both raster and .vector data, to thereby " 
adjust the brighmess of data images displayed diJM 
given display cycle enabling the user to view an- 
animated color differentiation between .vector and ras- 
ter data as the user adjusts vector and/or raster data 
image brighmess.- 
. 15. A method as set forth in daim 14 further comprising 
the steps of:. .. . 

(a) generating a first conUt)! signal in "response to a user 
request to modify- the brightness .of said raster data 
image; and 

(b) generating a second control signal in response to a user 
• . • request : to modify the brigh toess of said vector data - ■ 

: image.;"; : ' * ' .". ■;•.;■■; 

. 16. A method as set forth in claim. 15 wherein said. step . of. 
modifying further comprises the step of adjusting the bright- 
ness! of raster data iinages in response to said first control; 
signal by napdifying all color t^le entries specifying the. 
color: of raster data in said, system by a first brightness 
adjustment factor. . . 

17. A method as set forth in claim 16 wherein said first 
brightness adjustment factor is added to the red, green and 
blue comjponents of each color tible entry specifying the 
color of raster data in said system to increase the brightiiess = 
of raster data. . 

18. A method as set forth in claim 16 wherein said first ' 
brightness . adjustment factor is subtracted from the red, 
green and blue components of each color table entry speci- 
fying the color of raster data in said system to decrease the. 
brightness , of raster data. 

19. A method as set forth in claim 16 wherein, said first 
adjustment, factor is a variable quantity. 

20. A method as set forth ;in claim 16. wherein said first 
adjustment factor is a. fixed quantity. . . 

21. A method as set forth in claim 15 wherein said step .of 
modifyiiig further comprises the step. of adjusting the bright- . 

43 ' ness of vector data images in response to said second control' 
signal by modifying all color table entries specifying the 
. ;. color of vector data in said system by a second brightness.' 
adjustment factor. . ' 

[. 22.. A method as set forth in claim 21 wherein said second " 
brighmess adjustment factor is added to the red, green and 
blue . components of -each color, table entry specifying - the . 
color of vector data in said system.to increase the brightness 
of vector data. ■ 

23. A method as set forth in daim 21 wherein said second - 
brighmess adjiistment factor is subtracted from, the red, 
• green and blue components of each color table entry speci- 
fying the color of vector data in said system to decrease the. 
. brighmess of vector data. . 

.24. A oiethod as set forth in claim 21 wherein said second 
brighmess adjustment factor is a variable quantity. - 

25. A method as set forth in claim 21 wherein said second 
brighmess adjustment factor is a fixed quantity. 

26. Apparatus for distinguishing raster data display 
images firoin vector data display irhages in a computer 
graphics systeiri in which both raster data and vector data 
disjplay images are simultaneotisly viewable on the sarhe 
display window, wherein said system includes a cathode ray. 
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tube {CKT) having a defined display window, a vector 
command processor, a raster command processor, and fur- 
ther wherein a first set of color intensity specifications are 
defined for raster data and a second mutually exclusive set 
of color intensity specifications are defined for vector data, 5 
comprising: 

(a) partitioned color specification storage means, for stor- 
ing said first and second mutually exclusive sets of 
color specifications assigned to data to be displayed on 
said CRT. wherein said color specification storage *o 
means is initialized with said first and second mutually 
exclusive sets of color spedfications; 

(b) user input control means for inputting a user request 
to said system, in the form of at least one brightness 
control signal, to change the brighmess of either said 
raster data, said vector data or both said raster data and 
said vector data displayed in said display window in 
real time; and 

(c) color specification modification means, for modifying 
color specification storage means entries in response to 
said at least one biighmess control signal, operative to 
incrementally modify all the entries in said fint set of 
color specifications stored in said color specification 
storage means simultaneously in real time whenever ^5 
said at least one control signal indicates that the bright- 
ness of raster data is to be modified, and operative to 
incrementally modify all the entries in said second set 
of color specifications stored in said color specification 
storage means simultaneously in real time whenever 
said at least one control signal indicates that the bright- 
ness of vector data is to be modified, to thereby adjust 
the brighmess of data images displayed during a given 
display cycle enabling the user to view an animated . 
color differentiation between vector and raster data as 
the user adjusts vector and/or raster data image bright- 
ness. 

27. Apparams as set forth in claim 26 wherein said color 
specification modification means further comprises means 
for adding a brighmess adjustment factor to the red, green ^ 
and blue components of each color specification storage 
means entry in said first set of color specification entries to 
increase the brightness of raster data. 

28. Apparatus as set forth in claim 26 wherein said color 
specification modification means further comprises means 
for subtracting a brightness adjustment factor from the red, 
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green and blue components of each color specification 
storage means entry in said fint set of color specification 
entries to decrease the brightness of raster data. 

29. Apparatus as set forth in claim 26 wherein said color 
specification modification means further comprises means 
for adding a brighmess adjustment factor to the red, green 
and blue components of each color specification storage 
means entry in said second set of color specification entries 
to increase the brightness of vector data. 

30. Apparatus as set forth in claim 26 wherein said color 
specification modification means further comprises means 
for subtracting a brightness adjustment factor from the red, 
green and blue components of each color specification 
storage means entry in said second set of color specification 
entries to decrease the brightness of vector data. 

31. Apparatus as set forth in claim 26 wherein said color 
specification modification means is operative to modify said 
color specification storage means entries by a brightness 
adjustment factor that is a variable quantity. 

32. A method as set forth in claim 26 wherein said color 
specification modification means is operative to modify said 
color specification storage means entries by a brightness 
adjustment factor that is a fixed quantity. 

33. Apparatus as set forth in claim 26 wherein said user 
input control means comprises a visible control appearing in 
the graphic field of view in said display window. 

34. Apparatus as set forth in claim 33 wherein said visible 
control appearing in said display window is a software 
generated slider bar. 

35. Apparatus as set forth in claim 33 wherein said visible 
control is a software generated dial widget. 

36. Apparatus as set forth in claim 26 further comprising: 

(a) means for periodically refreshing said CRT to display 
vector and raster images corresponding to vector and 
raster conm:iands processed by said vector command 
processor and said raster command processor; and 

(b) means for updating said display to adjust the bright- 
ness of display images starting with a refresh cycle 
following the time period during which color intensity 
in said color specification storage means is modified. 

***** 
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the form of a road under running of a user's vehicle 
generated from map information. The apparatus includes a 
present position detecting imit for detecting the present 
position of the user's vehicle, a running road selecting unit 
for selecting a road under running of the user's vehicle from 
the present position of the user's vehicle, an other vehicle 
detecting unit for detecting a distance to another vehicle and 
the azimuth of the other vehicle, an other vehicle position 
determining unit for determining the position of the other 
vehicle, and an other vehicle position displaying unit for 
developing the running road to a plane view or birds-eye 
view and displaying position information of the user's 
vehicle and the other vehicle in a manner superimposed on 
the developed running road. 
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VEHICLE POSITION INFORMATION measuring device for determination of the form of a guard 

DISPLAYING APPARATUS AND METHOD rail or the like to extract the outlines of a road has a problem 

that the determination of road outlines is difficult for a road 

BACKGROUND OF THE INVENTION which has not a guard rail or the like. 

Iht present invention relates to a cruise conttt)! apparatus ^ SUMMARY OF THE INVENTION 

for motor vehicle, and more particularly to an apparatus and a t^- . r . • . ^ e i • . 

.u J • u- u •* ■ r r ■ u 1 L- 1 Au oDiect 01 the present mvcntion made for solvme the 

method m which position m formation of a peripheral vehicle . * j -j i ^ 

. » u- 1 J- if- 1 *u * above-mentioned problems is to provide a low-cost and 

around a user s vehicle or a preceding vehicle as the object , .f. . r t • 

-^-ij' * J high-accuracy vehicle position mforaiation displaymg appa- 

of foUow-up IS displayed m a manner superimposed on a ^ , .1. j - V - . • r ^ , 

jr *jcL ' e 10 ratus and method m which position mformation of a user s 

road form generated from map information. , . , , ... • r *• c r . 1 

^ *^ vehicle and position information of a front vehicle are 

In a cruise control apparatus for motor vehicle, it is displayed in a manner superimposed on an actual road form, 

general that m order to give infonnaUon of the posiUon and Another object of the present invention is to provide such 

azimuth of a motor vehicle existmg in the front, a method apparatus and method in which a road subjected to the 

using peculiar hardware is employed or the display is ^pj^y ^ad form can be limited to a running road, 

provided on a graphics display unit possessed by a naviga- thereby simpUfying or reducing the amount of displayed 

tion device. In the method using the peculiar hardware, the information 

fabrication cost is lowered by employing a system in which According to a construction in the present invention for 

lumps such as LED s are contmuously arr^mged so that an displaying the position of another (or peripheral) vehicle 

mterval between a user s vehicle and a front vehicle is ^ ^^^^^^ ^ ^^j^-^^^ ^ ^ ^^^^^ superimposed on an 

printed in accordance with the arranging positions of LED s ^^(^^ ^^^^ form, a road under running of the user^s vehicle 

and corresponding LED s are excited into lUummaUon on ^ .^^^^^ ^ of position measuring means possessed 

the basis of nieasured relaUve distance mformaUon to mform ^y a navigation device and a map database to generate road 

the user of the relaUve distance. ^^^^^^ informaUon from information of the identified road, 

On the other hand, m the system m which the display is ^ ^jjc positions of the user's vehicle and a preceding 

provided on a graphics display unit such as LCD or CRT vehicle existing in the front of the user's vehicle (and a 

possessed by a navigation device or the like, it is general to peripheral vehicle other than the preceding vehicle existing 

employ a method in which a virtual straight road is gener- around the user's vehicle) are displayed in a manner super- 

ated and marks indicative of a user's vehicle and a front imposed 00 the generated road form. The road under running 

vehicle and a scale for grasping a relative distance are 33 of the user's vehicle is selected from map data stored in the 

displayed on the generated virtual straight road. As a further map data-base, thereby simplifying or reducing the amount 

high technique, there is a method in which an image of a of displayed information, 
running road is produced by an image pickup device such as 

CCD to extract the outlines of the road therefrom and marics ^^^^^ DESCRIPTION OF THE DRAWINGS 

indicative of a user's vehicle and a front vehicle and a scale 35 FIG. 1 is a systematic diagram showing the construction 

for grasping a relative distance are displayed on the obtained of a vehicle position information displaying apparatus 

road form. Also, there is a method which tises a distance according to an embodiment of the present invention; 

measuring device or equipment (DME) using miUimeter FIG. 2 is a diagram for explaining a state transition under 

waves or a laser, that is, a method in which the form of a road the control of a cruise controller shown in FIG. 1; 

is determined from informauon of a reflected version of a piG. 3 is a flow chart for explaining a state change 

transmitted signal from a guard rail or the like existing in the processing performed by the cruise controller; 

side of the road and marks indicative of a user's vehicle and piQ 4 is ^ diagram for explaining the concept of a 

a front vehicle and a scale for gracing a relaUve distance arc predicted inter-vehicle distance control system; 

displayed on the obtained road form. FIG. 5 is a flow chart showing a throttle command signal 

In a cruise control apparatus for motor vehicle, it is 45 generating routine* 

desired that the position of a motor vehicle existing in the pm g ^ ^ ^ ^ ^^^^ 

front IS disphyed in a manner superimposed on an actual inter-vehicle distance control system; 

road form. This is because it is desirable to provide a ct^^ 1 ■ a- ^ ir*u 

, J J- 1 . 1. ^ . u - 1 • • FIG. 7 is a diagram showing a second example of the 

clarified display as to whether the front vehicle is runnme on j- * j • . i? 1 j- * .1 . 

, J - r , 1 J- predicted mter-vehicle distance control system; 

a lane under runnmg of a user s vehicle or on a lane adjacent 50 „ - ... . ' 

to the running lane. Such display is desired in the case of a ^ ^ ^^^ram showmg the construction of a navi- 

curved road or the like. Further, it is desirable to display such Ration device shown in FIG. 1; 

information at a low cost and in a form capable of being ^ ^ ^^^^^ diagram showmg the hardware con- 
easily understood by the user. In order to provide the easily struction of a n operational processor shown m HG. 8; 
understandable display, it is desirable that information on a 55 ^ block diagram showing the functional con- 
display screen is made as simple as possible. struction of the operational processor; 

On the other hand, the conventional method using the U is a block diagram showing the ftmcUonal con- 

pccuhar hardware has neither means for recognizing the sUuction of a present position determining block shown in 
form of a road nor means for displaying it. In the method in 

which a virtual straight road is generated, an image different 60 12 is a block diagram showing the functional con- 
from the actual road form is generated so that it is not struction of a route inducing block shown in FIG, 10; 
possible to provide the above-mentioned desirable display in FIG. 13 is a block diagram showing a first example of the 
a manner superimposed on the actual road form. The method functional construction of an other vehicle position display- 
using the image pickup device has a problem that the ing block shown in FIG. 10; 

outhnes of a road are tmdeterminable under a meteorological 65 FIG. 14 is a block diagram showing a second example of 

condition such as snow or mist as well as a problem that the the functional construction of the other vehicle position 

system becomes high in cost. The method using the distance displaying block; 
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FIG. 15 is a block diagram showing the functional con- 
struction of a map attribute selecting unit shown in FIG. 13; 

FIG. 16 is a diagram showing an embodiment in which 
roads around a user's vehicle are displayed; 

FIG. 17 is a diagram showing an embodiment in which a 
road under running of a user's vehicle is displayed; 

FIG. 18 is a diagram for explaining a method of gener- 
ating a road form; 

FIG. 19 is a diagram for explaining a method of gener- 
ating a road form from residential area map data; 

FIG. 20 is a diagram for explaining a judgement area for 
start of the display of an induction crossing; 

FIG. 21 is a diagram for explaining a method of selecting 
a road connecting with the induction crossing; and 

FIG, 22 is a diagram showing an embodiment in which a 
road under running of a user's vehicle is displayed in 
birds-eye view representation. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiments of a vehicle position information display- 
ing apparatus according to the present invention will be 
described in reference to the drawings. 

FIG. 1 is a systematic diagram showing the coostructioo 
of a vehicle position information displaying apparatus 
according to an embodiment of the present invention. The 
apparatus includes a distance measuring device or equip- 
ment (DME) 101 for measuring a distance between a user's 
vehicle and an object existing in the front, rear or lateral side 
of the user's vehicle and the azimuth of the user's vehicle, 
an image pickup device 102 for imaging the neighborhood 
of the user's vehicle, a cruise controller 103 provided with 
a function of controlling a driving mechanism of the user's 
vehicle (including an engine and a transmission) so that the 
user's vehicle mns while maintaining the speed of the user's 
vehicle or an inter-vehicle distance between the user's 
vehicle and a preceding vehicle at a target value, a naviga- 
tion device 114 for displaying an image obtained by the 
image pickup device 102, internal information of the cruise 
controller 103, and control information including an output 
command value, a display unit 115 for displaying a graphics 
output of the navigation device 114, an operation command 
input device 113 for inputting an operation command for the 
system by the user, a throttle valve controller 104 for 
controlling a throttle valve actuator 105 on the basis of each 
command value from the cruise controller 103 which actua- 
tor operates a throttle valve, a transmission controller 107 
for controlling the speed changing operation of a transmis- 
sion 106, and a brake controller 108 for controlUng a brake 
actuator 109 which operates a brake. 

The distance measuring device 101 may be realized by, 
for example, a radio radar or a laser radar. The distance 
measuring device 101 is provided at the front, rear, lateral 
side or the like of the user's vehicle and outputs information 
including a distance between the user's vehicle and an object 
such as a motor vehicle existing around the user's vehicle, 
the azimuth of the user's vehicle, and so forth. Specific 
means for realizing such distance measurement includes a 
method as shown by JP-A-58-27678 or a measuring method 
using a radio radar by which radio waves arc emitted in a 
running direction so that the speeds (or range rates), inter- 
vehicle distances (or ranges) and azimuths of a tiser's 
vehicle relative to a plurality of peripheral vehicles are 
measured from Doppler frequencies superimposed on 
reflected return waves, and a method as shown by JP-A-58- 
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203524 or a measuring method using a pulsed laser radar by 
which a laser beam is outputted so that an inter-vehicle 
distance is measured from a time until a reflected beam 
returns. 

The image pickup device 102 may be realized by, for 
example, a CCD camera. The image pickup device 102 
outputs a video signal obtained through the imaging of the 
front, rear and side of the user's vehicle. 

The operation command input device 113 may be realized 
by an ordinary hardware switch such as a push switch, or the 
combination of a microphone for receiving a voice or speech 
command and an analyzer for analyzing the voice command. 

The cruise controller 103, when the start of an operation 
thereof is instructed by the operation command input device 
113, controlling the driving mechanism so that the user's 
vehicle runs with the speed or inter-vehicle distance of the 
user's vehicle relative to a preceding vehicle being main- 
tained at a set constant value even if the user's foot is 
released from an accelerator pedal. 

A follow-up target vehicle determining device HO deter- 
mines a vehicle which is made a target for follow-up 
(hereinafter referred to as follow-up target vehicle) in the 
case where the cruise controller 103 operates a control 
function of performing the running with an inter-vehicle 
distance maintained at a set value (hereinafter referred to as 
follow-up mnning control function). The follow-up target 
vehicle determining device 110 is constructed by, for 
example, a vehicle selector 111 for selecting one of vehicles 
to be followed on the basis of information of front vehicles 
from the distance measuring device 101 and the image 
pickup device 102 and a controller 112 for controlling the 
cruise controller 103 to take the selected vehicle as a 
follow-up target vehicle. The selection of the vehicle to be 
followed is made in such a manner that each of objects 
subjected to the measurement of the distances and azimuths 
thereof by the distance measuring device 101 is judged as to 
whether or not that vehicle satisfies conditions which are 
previously set concerning an inter-vehicle distance, relative 
speed, relative angle and so forth thereof for the user's 
vehicle and should be satisfied by running vehicles to be 
followed. 

The navigation device 114 operates to select a road under 
mnning of the user's vehicle on the basis of peripheral 
vehicle information obtained by the distance measuring 
device 101 and the image pickup device, present position 
measuring means possessed by the navigation device, and 
map information stored in the navigation device so that the 
form of the selected road is displayed on the display unit 
115. Such generation of the running road form using the map 
information stored in the navigation device enables more 
realistic display of the road. Further, the navigation device 
114 operates to determine the displaying position of the 
user's vehicle so thai it is fixed at one predetermined point 
on the display unit. Also, the navigation device 114 operates 
to display a mark 2000 (for example, see FIG. 16) indicative 
of the position of the user's vehicle, a mark 2001 indicative 
of the position of a preceding vehicle and a mark indicative 
of a peripheral vehicle other than the preceding vehicle in a 
manner super-imposed on the road Accordingly, the dis- 
tances between the user's vehicle and the peripheral vehicles 
can easily be discriminated. It is preferable that the marks 
indicative of the positions of the user's vehicle, the preced- 
ing vehicle and the peripheral vehicle other than the pre- 
ceding vehicle are provided with different displaying 
configurations, that is, changed colors or patterns. Thereby, 
the user can easily discriminate the type of information 
indicated by each mark. 
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Next, the outline of the follow-up running control of the [n a processing 1501, an inter-vehicle distance D between 

operations of the vehicle position information displaying a preceding runnbg vehicle and the user*s vehicle is mea- 

apparatus according to the present embodiment will be sured using the distance measuring device 101. 

described in reference to a slate transition diagram shown in ^ processing 1510, the judgement is made of whether 
na 2 and a flow chart of a state change proccssmg shown s or not the measurement of the inter-vehicle distance D 

_ ■ „ . , . , results in success. If the inter-vehicle distance D is normally 

In the follow-up running control in the present measured, the flow branches to a prxjcessing 1502. In the 

embodtment, the runtimg condition of the vehicle is class.- ^^^^^ measurement resulu in failure, the flow 

fied mto three States mcluding the state of normal ruonmg , . , • i^t^ • u- u j- 

131,thestateoffixedvehicle5Deedcontroll32andthesiate ^o^ processing 1511 in which the preceding 

of follow-up nimiing control 133. When a cruise control is P^"^'^^^. ^nter-vehicle distance is used as the value of the 

instructed through the operation command input device 113 mter-vehicle distance D. 

at the Slate of normal running 131, a processing 1401 is FIG. 6 shows an example in which the preceding prc- 

performed so that a state transition is made from the state of dieted inter-vehicle distance is used as the value of the 

normal running 131 to the state of fixed vehicle speed inter-vehicle distance D. At time Tl, a deceleration signal 

control 132 of causing the vehicle to run in a fixed speed was outputted as the result of operation at time Tl. In the 

condition. case where the measurement of the inter- vehicle distance D 

In a processing 1402, a front vehicle to be followed is at time T2 results in failure, predicted inter-vehicle distances 

selected on the basis of the inter- vehicle distances, speeds, Da, Do and Dd at time T2+Tc are thereinstead determined by 

angles and so forth of the user's vehicle relative to the other ^se of a predicted inter-vehicle distance Dd' determined at 

vehicles which are obtained by the distance measuring 1^1- acceleration signal providing a predicted 

device 101 and the image pickup device 102. inter-vehicle distance Da nearest to the target inter- vehicle 

In a processing 1403, the judgement is made of whether ^^"^ outputted. However, since the predicted 
or not the inter- vehicle distance D(t) for the running vehicle mter-vehicle distance Dd' is determmed by use of the vehicle 
to be foUowed selected in the processing 1402 is smaller „ ^hown in FIG. 4, there is an error De (see FIG. 4) 
than a target inter-vehicle distance Dr(Vo) determined by the ^r^™ mtcr-vchiclc distance D at time T2 m the case where 
speed Vq of the user's vehicle. In the case where the measurement results in success. Accordingly, the con- 
inter-vehicle distance D(t) is smaller than the target inter- ^i^^ous use of this predicted inter-vehicle distance Dd' is not 
vehicle distance Dr(Vo), a follow-up running control pro- preferable smce the error is accumulated. The maximum 
cessing 1405 for transition from the stale of fixed vehicle number of times of continuous use of the predicted inter- 
speed control 132 to the sute of foUow-up running control vehicle distance is Imuted to, for example, 3. In the case 
133 is performed. In the case where the inter-vehicle dis- "^^^^^ ^^^^ ^f the measurement of the inter-vehicle 
tance D(t) is larger than the target inter-vehicle distance distance D continues beyond 3 times, the foUow-up running 
Dr(Vo) determined by the speed of the user's vehicle, a control mode 133 is temporarily stopped and the running in 
processing 1404 is performed with the state of fixed vehicle vehicle speed control mode 132 is performed until 
speed control 132 being maintained. In the fixed vehicle measurement of the inter-vehicle distance D results in 
speed control processing 1404, calculation is performed for success. 

controlling the opening angle of the throttle valve so that the The processing 1502 is required only in the case where 

speed of the user's vehicle takes a value detenmined by the only the measurement of an inter-vehicle distance is 

user or driver. possible, as in the case where a pulsed radar is used. If the 

The contents of the follow-up running control processing measurement of a relative vehicle speed is possible, as in a 

1405 shown in FIG. 3 will be described using FIGS. 4 and system such as a radio radar, the processing 1502 may 

5, be omitted. In the processing 1502, a relative speed Vr can 

FIG. 4 shows a conceptual diagram of a control system approximately be determined, for example, in such a manner 

using predicted inter-vehicle distances Da, Dn and Dd 45 ^ difference between an inter-vehicle distance D' pre- 

betwccn the follow-up target vehicle and the user's vehicle. ^y one samplmg penod and the present mter-vchicle 

There is assumed the case where the inter-vehicle distance distance D is divided by one sampling period. 

D oscillates around the target intcr-vehicle distance Dr and In a processing 1503, there is determined a predicted 

the inter- vehicle distance D(T1) between the user's vehicle inter-vetiicle distance Da in the case where an acceleration 
and the follow-up target vehicle at present time Tl has a 50 ^^8°^ ^ outputted. The inter-vehicle distance Da at time T2 

deviation AD. is predicted by inputting +a (corre^onding to acceleration) 

In the shown example, the inter-vehicle distance Da at *o vehicle model prepared beforehand, 
time T2, in the case where the user's vehicle is accelerated In a processing 1504, there is predicted a future inter- 
at present time Tl, is predicted by use of a vehicle model in vehicle distance Dd in the case where a deceleration signal 
a processing which will be mentioned later on. Similarly, 55 is outputted. The predicted inter-vehicle distance Dd is 
there are predicted the inter-vehicle distance Dd at time T2 determined by inputting-a (corresponding to deceleration) 
in the case where a deceleration control is performed and the in a manner similar to that in the processing 1503, 
inter-vehicle distance Dn at time T2 in the case where the In a processing 1505, there is predicted a future inter- 
user's vehicle runs as it is. The predicted values are shown vehicle distance Dn in the case where neither an acceleration 
in FIG. 4. In the shown example, the running control is made 60 nor deceleration signal is outputted. 
by performing a processing for selecting one of the three A search for one of the thus predicted inter-vehicle 
predicted values Da, Dn and Dd nearest to the target distances Da, Dn and Dd nearest to the target inter-vehicle 
inter-vehide distance Dr. distance Dr is made in processings 1506 and 1507. In the 

A routine for generating a throttle command signal to be case where the predicted inter-vehicle distance nearest to the 
outputted for vehicle speed control in the follow-up running 65 taiget inter- vehicle distance Dr is Da when the acceleration 

control in the present example will be described referring to signal is outputted, the flow branches from the processing 

a flow chart shown in FIG. 5. 1506 to a processing 1508, In the other cases, the flow 
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branches to the processing 1507. In the processing 1508, a lional processor 201 in a form converted into an audio signal 

signal for increasing the throttle valve opening angle by and a processing for recognizing a voice issued by the user 

is outputted to the throttle valve controller 104, thereby and transferring the contents thereof to the operational 

completing the flow. processor 201. 

In the case where it is determined in the processing 1507 s An input unit 205 is a unit for receiving an instruction 

that the predicted inter-vehicle distance nearest to the Urget jhe input unit 205 is construaed by a 

intcr-vchicle distwice Dr is Dd when the deceleration signal hardware switch such as scroU key or scale change key, a joy 

IS outputted, the flow branches to a processing 1512. In the ^^^^j^^ ^ ^^^^^ ^ ^ ^1 ^ 

case where neither acceleration nor deceleration is required _ .r ■ ^ • 

or the present throide valve opening angle is maintained, the ^ ^^""^^^ used for posiUon detecuon m the moving 

flow is completed as it is. In the processing 1512, the body navigation device mclude a wheel speed sensor 206 for 

predicted inter-vehicle distance Dd is compared with an measuring a distance from the product of the circumference 

inter-vehicle distance Dc with which the release from auto- of a wheel and the measured rotating speed of the wheel and 

matic cruise is made. If Dc^Dd, the flow branches to a further measuring the curving angle of the moving body 

processing 1509. If DoDd, the flow branches to a process- from a difference between the rotating speeds of paired 

ing 1513. In the processing 1509, a signal for decreasing the wheels, a geomagnetic sensor 207 for detecting a magnetic 

throttle valve opening angle by AO is outputted to the throttle field held by the earth to delect an azimuth to which the 

valve controller 104, thereby completing the flow. moving body points, a gyro 208 such as optical fiber gyro or 

In the processing 1513, a signal for setting the throtUe vibrating gyro for detecting an angle by which the moving 

valve opening angle to full close (AO min) is outputted to the body turns, and a GPS receiver 209 for measuring the 
throtUe valve controller 104. FIG. 7 shows an example of the ^ present position, progressing speed and progressing azimuth 

predicted inter-vehide distance in the case where the branch of the moving body by receiving a signal from a GPS 

to the processing 1513 is taken. Predicted inter-vehicle satellite to measure a distance between the moving body and 

distances Da, Dn and Dd at time TlO+Tc are determined GPS satellite and the rate of change in distance in 

from an inter-vehiclc distance D at time TIO. In the present connection with three or more sateUites. The GPS receiver 

example, it is shown that if an acceleration signal is 209 can obtain time information and date information by 

outputted, the predicted inter-vehicle distance Dd takes zero analyzing signals sent from the GPS satellites, 

so that the user's vehicle collides with the preceding vehicle. f^irther, there is provided a traffic information receiver 

Even if a deceleration signal is outputted, the predicted 210 for receiving a signal from a beacon transmitter or FM 

inter-vehicle distance Dd is smaller than Dc so that it multiplex broadcasting which issues traffic information 

remains as a very dangerous inter- vehicle distance. By including traffic jam information of roads, regulation infor- 

setting the throttle valve opening angle to full close to apply mation such as construction and no-thoroughfare, and park- 

a strong engine brake so that the deceleration is made, the ing place information. 

coUision is prevented. The inter- vehicle distance Dc with Various information in the vehicle, for example, informa- 

which the throttle opening angle is set to full close is set for tion of peripheral vehicles sent from the follow-up target 

each vehicle. vehicle determining device 110, door open/close 

FIG. 8 is a diagram for explaining an example of the information, the kinds and conditions of lighted lumps, the 

construction of the navigation device 114. Each constituent conditions of the engine, failure diagnosis results, and so 

unit of the navigation device will now be described. forth are transmitted to the navigation device through an 

An operational processor 201 is a central unit for per- in- vehicle LAN unit 211. 

forming various processings which include detecting a FIG. 9 is a diagram for explaining the hardware construc- 

p resent position on the basis of sensor in formation output ted tion of the operational processor 201. Each constituent 

from various sensors 206 to 209, reading map mesh data element will now be described. 

necessary for display of a running road from a map memory The operational processor 201 is constructed by devices 
203 on the basis of the obtained present position 45 221 to 231 which are connected by a bus. The constituent 

information, graphically developing the map data so that a elements include a CPU 221 for performing various pro- 

mark indicative of the position of a user's vehicle and a mark cessings such as numerical operation and the control of each 

indicative of the position of a peripheral vehicle measured device, a RAM 222 for storing maps, search data and 

by the distance measuring device 101 are displayed on the operation data, a ROM 223 for storing processing programs 
display unit 115 in a manner superimposed on the developed 53 and data, a DMA (Direct Memory Access) 224 for perform- 

map, and selecting an optimum route conneaing the present ing the transfer of data between the memories and between 

place and a destination designated by the user so that the the memory and each device at a high speed, a graphics 

selected route is displayed in a manner superimposed on the controller 225 for performing a high-speed graphics drawing 

running road on the display unit 115, thereby inducing the for development of vector data to pixel data and a display 
user to the destination. 55 control, a VRAM 226 for storing graphics image data, a 

The display unit 115 is a unit for displaying graphics color pallet 227 for converting image data formed by an ID 

information generated by the operational processor 201 . The code of each color into a luminance information signal of 

display tmil 115 may be constructed by a CRT or a liquid RGB, an A/D converter 228 for converting an analog signal 

crystal display. It is general that a signal SI between the into a digital signal, an SCI 229 for converting a serial signal 

operational processor and the display unit is a GRB signal or into a parallel signal synchronous with the bus, a PIO 230 for 

an NTSC (National Television System Committee) signal. carrying the parallel signal onto the bus in a synchronized 

The map memory 203 is constructed by a large-capacity manner, and a counter 231 for integrating a pulse signal, 

storage medium such as CD-ROM, DVD-ROM or IC card. FIG. 10 is a block diagram for explaining the functional 

Map mesh data or the like necessary for display of a map is construction of the operational processor 201. Each con- 
stored in the map memory 203. 65 stituent element will now be described. 

A voice input/output unit 204 performs a processing for A present position determining block 246 performs a 

outputting a message for the user generated by the opera- processing for determining the position (X', V) of the 
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moving body after running from an initial position pC, Y) in input/ou^ut unit 204 before the passing through a crossing, 

such a manner that using angle data obtained as the result of of whether the vehicle should go straight ahead or should 

integration of each of distance pulse data S5 measured by the make right/left turn or the like or to inform the user of a route 

wheel speed sensor 206 and angular acceleration data S7 by instructing the map generating block 245 and the other 

measured by the gyro 208, the obtained data is integrated s vehicle position displaying block 250 to display an inducing 

with respect to a time axis. In order to provide a matched arrow in a manner superimposed on road form information 

relationship between the tunung angle of the moving body including a crossing to which the user's vehicle should be 

and the progressing azimuth thereof, azimuth data S6 induced. 

obtained from the geomagnetic sensor 207 and angle data An other vehicle position determining block 249 deter- 

obtained by integrating the angular acceleration data S7 mines the absolute position of the peripheral vehicle from 

obtained from the gyro 208 are mapped in a one-to-one that information of a relative distance between the peripheral 

correspondence relationship to correct the absolute azimuth vehicle and the user's vehicle and the direction to the 

of the moving body in a progressing direction thereof. Also, peripheral vehicle which are transferred through the 

the integration of data obtained from the sensor yields the in-vehicle LAN unit 211 from the distance measuring device 

accumulation of an error of the sensor. Therefore, informa- 101 and the image pickup device 102 and that information 

tion of the present position is outputted through a processing ^® absolute position of the user's vehicle which is 

for cancelling the accumulated error on the basis of position outputted by the map matching block 247. The absolute 

data S8 obtained from the GPS receiver 209 at a certain P°^i^°° o^,^^. peripheral vehicle can easily be determined 

from the absolute position of the present place and infor- 

„. * • , J J ' . mation of a vector to the peripheral vehicle. 

Smce sensor error is mcluded m the present position nn ^ li i -i>if? r • 

. P u* • J u *i- * J * • • The map generating block 245 performs its operation m 

informauon obtamed by the present posiUon determming ^^^^ ^ P J ^ 

block 246, a map matching block 247 performs a map match ^ ^ ^j^^^^^^ ^ ^^^^ ^jf^ data reading block 248 and 

processing for the purpose of improvmg the precision of ^ command for drawing a designated object at a designated 

position mformation, that is, a processmg m which road data ^^ale and in accordance with a designated drawing system is 

included in a map around the present place read by a data ^5 transferred to a graphics processing block 251. 

reading block 248 is collated with a nioning locus obtained jhe other vehicle position displaying block 250 operates 

from the present posiUon determmmg block 246 so that the ^^^^^ information of roads connecting to the 

present place is matched with a road having the highest running road from data of roads around the present place 

correlation in form. With the map match processing, the read by the data reading block 248 by use of running road 

present place coincides with the mnning road in many cases, 3Q information outputted by the map matching block 247 and 

thereby making it possible to output the present position develops the selected road information to a drawing com- 

information at a high precision. The map matching block mand. Further, the other vehicle position displaying block 

247 transfers the correlated road information to an other 250 operates so that it develops a command for drawing 

vehicle position displaying block 250. marks indicative of the absolute position of the user's 

A user operation analyzing block 241 receives a request 35 vehicle, the absolute position of a preceding vehicle as the 

from the user by the voice input/output device 204 or the object of follow-up running and the absolute position of a 

input unit 205, analyzes the contents of the user's request peripheral vehicle existing around the user's vehicle in a 

{Si or S4) and controls each block so that a corresponding manner superimposed on the running road. The command is 

processing is performed. For example, when the user makes transferred to the graphics processing block 251. In the case 

a request for the induction from the present place to a 40 where the vehicle selector 111 of the follow-up target vehicle 

destination via a pluraUty of predetermined passing-through determining device 110 determines the preceding vehicle so 

places, the user operation analyzing block 241 requests a that a cruise control is started, the navigation device receives 

map generating block 245 lo perform a processing for the start signal and operates to change the display screen to 

displaying a map in order to display the destination and the a mode in which the absolute position of the user's vehicle 

passing-tiirough places. Also, the user operation analyzing 45 and the absolute position of the preceding vehicle as the 

block 241 requests a route determining block 242 to perform object of follow-up running are displayed in a marmer 

a processing for determining a route from the present place superimposed on the running road form outputted by the 

to the destination through the passing-through places. other vehicle position displaying block 250. Thereby, the 

Further, the user operation analyzing block 241 provides a position information of the preceding vehicle as the object of 

selecting screen to the user for selecting map attributes to be 50 follow-up nmning is displayed while the cruise control is 

displayed in a manner superimposed on the mnning road, being made. Therefore, it is possible for the user to know 

and transfers the result of selection to the otiier vehicle that the follow-up control is effected, 

position displaying block 250. When the drawing commands generated by the map 

The route determining block 242 searches map data for generating block 245 and the other vehicle position display- 
links/nodes from die present pi ace toward the destination via 55 ing block 250 are received, the graphics processing block 
the passing-through places by use of a Dykistra method or 251 develops image data to the VRAM 226. 
the like, and stores a route obtained as the result of search FIG, 11 is a diagram for explaining the fimctional con- 
into a route storing block 243. By changing the weighting of struction of the present position determining block 246. 
the node, it is possible to determine a route with which a Each constituent element will now be described, 
distance between two points becomes the shortest, a route 60 Auser's vehicle speed detecting unit 301 receives a wheel 
with which the arrival is possible in the shortest time, a route rotation pulse signal S5 from the wheel speed sensor 206 to 
with which the cost becomes the lowest, or the like. determine the running speed of the user's vehicle from the 

A route inducing block 244 compares node information of number of pulses received within one unit time and to 

an inducing route stored in the route storing block 243 with determine the running distance of the user's vehicle by 

present position information determined by the present 65 multiplying the number of rotation pulses received within 

position determining block 246 and the map matching block one unit time by a running distance corresponding to one 

247 to inform the user, by use of a voice through the voice pulse. 
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A Stop detecting unit 304 monitors the running speed where the judgement as being a crossing is made, an angle 

outputled from the user's vehicle speed detecting unit 301 to formed between links connecting with a node forming the 

judge whether or not the running speed is 0 km/h or lower crossing in the inducting route is checked in order to judge 

than a predetermined speed. The stop detecting unit 304 whether or not a right/left turn should be made at that node, 
informs the map generating block 245 and the other vehicle 5 For a side having an angle smaller than 180 degrees, the 

position displaying block 250 through the map matching judgement is made as to whether or not the angle is smaller 

block 247 of a stop signal in the case where the running than a predetermined value. The predetermined value for 

speed is 0 km/h and a low-speed running signal in the case judgement may be about 120 degrees. In the case where it 

where the running speed is lower than the predetermined is determined that the angle is smaller than the predeter- 
spced. The stop delecting unit 304 may inform the map lO mined value, the corresponding crossing is an induction 

generating block 245 and the other vehicle position display- crossing at which a right/left turn should be made, 

ing blodc 250 through the map matching block 247 of the Therefore, the corresponding node is registered as an induc- 

running speed of the user's vehicle. tion crossing. 

A turning angle determining imit 302 receives a signal S7 An induction crossing selecting unit 322 searches for 

from the gyro 208 such as an optical fiber gyro or a vibrating induction crossings which exist within a predetermined 

gyro for detection of a turning angle to determine an angle distance from the present position. Accordingly, one or 

by which the user's vehicle ivins per one unit time. plural induction crossings ejdsting within the predetermined 

A progressing azimuth determining unit 303 determines distance from the present position are selected, 
the progressing azimuth of the user's vehicle by adding the An induction instruction judging unit 323 gives an 
turning angle determined by the turning angle determining instruction for operation to an induction voice output 
unit 302 to azimuth information obtained in the preceding instructing unit 324 or an induction point inclusion judging 
operation. An,initial value of the azimuth information herein unit 325 and an induction diagram display instmcting unit 
used may be azimuth information stored in a non-volatile 326 in accordance with an inducing method set by the user 
memory before the cut-off of a power supply. Further, the and analyzed by the user operation analyzing block 241. For 
obtained azimuth information is corrected through compari- ^ example, in the case where induction by voice is turned on, 
son with azimuth information S6 obtained from the geo- the instruction for operation is given to the induction voice 
magnetic sensor 207. The azimuth information thus cor- output instmcting unit 324. In the case where the display of 
rected or azimuth information corrected by the map an induction diagram is turned on, the instmction for opera- 
matching block 247 is used to make the correction of lion is given to the induction diagram display instructing 
internally used azimuth information at any time, thereby '^^ unit 326. 

maintaining the precision. The induction voice output instructing unit 324 instructs 

A user's vehicle position integrating unit 306 determines the voice input/output tmit 204 to output an inducing voice 

the present position through an operation in which a pro- at a point of time when a distance between an induction 

gressing azimuth vector given by a progressing distance of crossing and the user's vehicle becomes a preset distance, 

the user's vehicle per one unit time and azimuth information For example, in the case where the preset distance is 100 m, 

is added to position information obtained from an initial the voice input/output unit 204 is instructed, at the point of 

position storing unit 305 and the value of addition is time corresponding to that distance, to output an inducing 

integrated. voice of, for example, "please lefl-turn 100 m ahead". 

A user's vehicle position correcting unit 307 compares The induction point inclusion judging unit 325 judges 

absolute position information S8 obtained from the GPS whether or not a distance between an induction crossing and 

receiver 209 and position information obtained by the user's the position of the user's vehicle comes to a preset distance, 

vehicle position integrating unit 306. In the case where a and informs the induction diagram display instructing unit 

difference between both the position information is within a 326 of the arrival at the induction crossing at a point of time 
predetermined distance, the position information from the 45 when the preset distance is reached. Also, the induction 

user's vehicle position integrating unit 306 is outputted from point inclusion judging unit 325 detects the mnning of the 

the user's vehicle position correcting unit 307 to the map user's vehicle away from the induction crossing beyond a 

matching block 247. In the case where the difference is predetermined distance and informs the induction diagram 

larger than the predetermined distance beyond a predeter- display instructing unit 326 of that effect. When informed of 
mined time, the absolute position information from the GPS 5Q the arrival at the induction crossing, the induction diagram 

receiver 209 is outputted to the map matching block 247. At display instruaing unit 326 instructs the other vehicle posi- 

thc same time, the position information is stored into the tion displaying block 250 to display an induction diagram, 

initial position storing unit 305 and is in turn used for On the other hand, when informed of the effect that the 

operation in the user's vehicle position integrating unit 306. user's vehicle gets away from the induction crossing, the 

FIG. 12 is a diagram for explaining the functional con- 55 induction diagram display instructing unit 326 instructs the 

struction of the route inducing block 244. Each constituent other vehicle position displaying block 250 to stop the 

element will now be described. display of the induction diagram. Thereby, it is possible to 

An induction crossing determining unit 321 reads node/ ^^^play induction information when the user's vehicle 
link data of an inducting route from the present place to a reaches a position on the mductmg route which is before the 
destination via passing-through places from the route storing 60 inclucaon crossing by the preset distance, 
block 243 and reads map data from the data reading block FIG. 13 is a diagram for explaining a first example of the 
248. Further, the induction crossing determining tmit 321 functional construction ofthe other vehicle position display- 
refers to the map data to search for whether or not each node ing block 250. Each coDStiment element will now be 
forming the inducting route forms a crossing. When two described. 

links intersect at a certain node, the node is judged as being 65 The map matching block 247 selects a road matching with 

a bend of a road. When three or more links intersect at a the nmning loctis and gives notice of information of the 

node, the node is judged as being a crossing. In the case selected road in a format including a mesh nuunber of a map 
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in which the selected road is iacliided, and a road link 
number or a node number. With this information used, a 
running road link connecting with a road link under running 
of the user's vehicle is selected by a running road selecting 
unit 341 from the road information outputted by the map 
matching 247 and map information read by the data reading 
block 248 in order to select a road on which the user*s 
vehicle has nm and a road having a high possibility that the 
user's vehicle will run on that road. In selecting the road link 
connecting with the road link under running, the running 
road selecting unit 341 operates to select data of the same 
type of road in substance. In the case where the same type 
of road forks into three or more branches at the same node, 
road data matching in road name (such as 1st national road, 
25 Ih prefectural road or Miura highway) with the road under 
running may be selected. Further, a road near to straight 
advance may be selected from among similar branches. 
Also, the running road selecting unit 341 may operate to 
select a road link corresponding to a road included in map 
data in which data of the road under running is included and 
which has a large map scale and a coarse data density. 
Thereby, it becomes possible to reduce information other 
than the running road, which is effective for simplification of 
the display of a road form. Further, in the case where the 
user's vehicle is running on a highway or an access road 
connecting with a parking area or an interchange from the 
highway, the running road selecting unit 341 operates to 
select the highway under mnning and the access road 
connecting with the highway from the road data. Thereby, 
any road other than the above-mentioned road information is 
neither selected nor displayed at the time of mnning on the 
highway or the access road, which is effective for simplifi- 
cation of the display of a road form. Further, in the case 
where route induction is set, a road along an inducting road 
is selected. With the above processing, only information of 
the form of a road under nmning is selected. Therefore, the 
running road form becomes obvious at a glance, as shown in 
FIG. 17, thereby improving the driver's underslandability. 
Now consider that the case where roads around the user's 
vehicle and background information are all displayed with- 
out using the above-mentioned running road selecting unit. 
In this case, if the user's vehicle is moving at a high speed, 
a display image as shown in FIG. 16 assumes a moving 
picture since the positions of roads perpendicularly inter- 
secting with the running road have a large change. This 
results in the elongation of a time until the understanding by 
the user and hence the deterioration of safety. On the other 
hand, with the use of the above-mentioned running road 
selecting unit, the display is restricted to only the road under 
running of the user's vehicle, as shown in FIG. 17. In this 
case, the display image assumes display close to a stiU 
picture, thereby improving the safety. There is a possibility 
that the position of the user's vehicle cannot be specified in 
a fixed time after the navigation device starts its operation. 
In such a case, the running road selecting unit 341 operates 
to generate a virtual straight road which has a predetermined 
road viddth. At this time, there may be the case where the 
form of the generated road is different from the actual road 
form. At any time, however, the mnning road selecting unit 
341 operates so that road form information is outputted. 
Therefore, it is possible to eliminate a state in which a road 
form carmol be displayed, 

A map attribute selecting unit 342 operates to select 
information which is to be displayed in a superimposed 
manner in addition to the mnning road of the user's vehicle 
selected by the running road selecting unit 341. The map 
attribute selecting unit 342 has a function of selecting 
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backgroimd information such as water systems and green 
zones, character information such as place names, and marks 
or deform symbols such as public services and amusement 
places in accordance with the ruiming condition of the user's 
vehicle and the operating condition of the navigation device. 
The detailed operation of the map attribute selecting imit 
342 will be described later on. 

A road form generating unit 343 generates a road form on 
the basis of road data selected by the running road selecting 
unit 341 and the map attribute selecting unit 342. A format 
of map data used for generating the road form is broadly 
classified into first data or road data which is formed by node 
information and link iaformalion when a road is represented 
by one vector data along the center of that road, and second 
data or residential area map data which includes a road 
outline form stored with node information. When one road 
is represented, a straight line connecting nodes assumes one 
broken line in the case of road data and two broken lines in 
the case of residential area map data. 

Next, a method of generating a road form from the road 
data will be described using FIG. 18. Since an actual road 
has a width, it is necessary to generate right and left road 
outlines 2012 and 2011 from one broken line 2010 which 
connects nodes. Herein, in the case where width information 
or the like concerning a road tmder running does not exist in 
a storage medium of the map memory 203, outlines corre- 
sponding to a road width obtained as the result of imaging 
of the road by the image pickup device 102 are generated by 
generating broken lines through the parallel movement of 
the road form forming broken line 2010 in directions per- 
pendicular to the broken line 2010 by a quantity correspond- 
ing to a predetermined road width. Also, in the case where 
only road type infonnation of the road under nmning exists 
in the storage medium of the map memory 203, outlines 
having a predetermined road width corresponding to the 
road type of the rutming road are generated by generating 
broken lines through the parallel movement of the road form 
forming broken line 2010 in directions perpendicular to the 
broken line 2010 by a quantity corresponding to a prede- 
termined road width. Further, in the case where the width of 
the rutming road is stored in the storage medium of the map 
memory 203, outlines having a road width corresponding to 
the width of the running road are generated by generating 
broken lines through the parallel movement of the road form 
forming broken line 2010 in directions perpendicular to the 
broken line 2010 by a quantity corresponding to a prede- 
termined road width. Thereby, it is possible to generate a 
road form conformable to the actual form. Also, in the case 
where the number of lanes of the running road is stored in 
the storage medium of the map memory 203, outlines having 
a road width corresponding to the number of lanes are 
generated by generating broken lines through the parallel 
movement of the road form forming broken line 2010 in 
directions perpendicular to the broken line 2010 by a quan- 
tity corresponding to a predetermined number of lanes. 
Thereby, it is possible to generate a road form conformable 
to the actual form. Further, outlines representing the lanes 
may be generated. 

Next, a method of generating a road form from the 
residential area map data will be described. The residential 
area map data is formed beforehand by form information of 
road outlines as shown in FIG. 16. Therefore, if only a road 
under mnning is selected, there results in that disconnections 
2013 and 2014 as shown in FIG. 19 are generated. 
Accordingly, a straight line connecting the front and rear 
ends of the disconnection is generated, thereby enabling the 
generation of a road form as ^owo in FIG. 17. 
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A map representation judging unit 344 judges which 
representing manner should road information or the like 
generated the road form generating unit 343 be displayed on 
the display unit in. In the case where the user makes a 
request for plane view representation, that is, representation 
equivalent to a paper map, the map representation judging 
unit 344 requests a plane map developing unit 345 to effect 
display in plane view representation. On the other hand, in 
the case where the user makes a request for birds-eye view 
representation, the map representation judging unit 344 sets 
a point-of-sight position to a rear position from which the 
present position of the user's vetiicle is overlooked and 
requests an artificial three-dimensional map developing unit 

346 to effect display in birds-eye view representation. 
The plane map developing unit 345 and the artificial 

three-dimensional map developing unit 346 make the coor- 
dinate conversion of map data or vector data representative 
of form information of road outlines so that in the case of 
plane map representation, the position of the user's vehicle 
is located at a predetermined position on the display unit at 
a predetermined scale and the progressing azimuth of the 
tiscr's vehicle assumes an upward direction on the display 
unit and so that in the case of an artificial three-dimensional 
map or a three-dimensional map, the position of the user's 
vehicle and the position of a peripheral vehicle are over- 
looked at a predetermined scale from a given point-of-sight 
position. Further, the plane map developing unit 345 or the 
artificial three-dimensional map developing unit 346 uses 
the coordinate-converted vector data to generate a command 
drawing a series of lines representing the road outlines and 
transfers the graphics drawing command to the graphics 
processing block 251 to effect the drawing so that a plane 
view or birds-eye view is displayed on the display unit 115. 

A vehicle information generating unit 347 make the 
coordinate conversion of the position of the user's vehicle 
obtained by the map matching block 247 and the position of 
a preceding vehicle and the position of a peripheral vehicle 
obtained by the other vehicle position determining block 249 
in a manner similar to the above-mentioned coordinate 
conversion, generates a command for drawing marks indica- 
tive of the positions of those vehicles and transfers the 
graphics drawing command to the graphics processing block 
251 to effect the drawing so that the position of the user's 
vehicle, the position of the preceding vehicle and the posi- 
tion of the peripheral vehicle are displayed on the display 
unit 115 in a manner superimposed on the plane view or 
birds-eye view. An example of display of vehicle informa- 
tion superimposed on a plane view is shown FIG. 17, and an 
example of display of vehicle information superimposed on 
a birds-eye view is shown FIG. 22. It is preferable that the 
vehicle information generating tmit 347 judges the display/ 
non-display of vehicle position information in accordance 
with the scale of a road to be displayed and makes the 
switching of display/non-display on the basis of the result of 
judgement. Namely, the vehicle information generating unit 

347 operates to display vehicle information when the scale 
is smaller than a predetermined scale (for example, V^oo or 
VsoQo with which a town map can be displayed) and to 
display no vehicle information when it is larger than the 
predetermined scale. Thereby, since the vehicle information 
generating unit 347 operates so that vehicle position infor- 
mation is not generated when the reduction is made up to an 
extension in which the vehicle information cannot be dis- 
criminated even if it is displayed, a processing load becomes 
small. 

FIG. 14 is a diagram for explaining a second example of 
the functional construction of the other vehicle position 
displaying block 250. Each constituent elements will now be 
described. 
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A non-running road deleting unit 361 operates, in con- 
nection with map information read by the data reading block 
248 from the map information storage medium, to delete 
unnecessary road data from the read road information. More 

5 particularly, the non-running road deleting unit 361 operates 
to delete roads other than a road tmder ruimhig of the user's 
vehicle and a road of a road type the deletion of which is 
inhibited by a map information deletion stopping unit 364, 
In substance, the road under nmning of the user's vehicle 

JO herein referred to indicates data of a road of the same type 
as a road link under running. Also, in the case where the 
same type of road forks into three or more branches at the 
same node, road data matching in road name (such as 1st 
national road, 25th prefectural road or Miura highway) with 

15 the road under mnning is indicated. Further, a road near to 
straight advance in similar branches may be indicated. Also, 
in the case where the user's vehicle is running on a highway 
or an access road connecting with a parking area or an 
interchange from the highway, the highway under running 

20 and the access road cotmecting with the highway are indi- 
cated. With this processing, there results in that only infor- 
mation of the form of a road under running of the user's 
vehicle is displayed, as shown in FIG. 17. Therefore, the 
mnning road form becomes obvious at a glance, thereby 

25 improving the understandabihty. Further, the display image 
assumes display close to a still picture, thereby improving 
the safety. There is a possibility that the position of the user's 
vehicle cannot be specified in a fixed time after the naviga- 
tion device starts its operation. In such a case, the non- 
30 running road deleting unit 361 operates to generate a virtual 
straight road which has a predetermined road width. At this 
lime, there may be generated the case where the form of the 
generated road is different from the actual road form. At any 
time, however, the non-mrming road deleting unit 361 

35 operates so that road form information is outputted. 
llierefore, it is possible to eliminate a state in which a road 
form cannot be displayed. 

A character/symbol information deleting unit 362 
operates, in connection with map information read by the 

40 data reading block 248 from the map information storage 
medium, so that character/symbol information other than 
character/symbol information the deletion of which is inhib- 
ited by the map information deletion stopping unit 364 is 
deleted from character information such as place names, 

45 map symbols representative of public services, deform sym- 
bols representative of restaurants and convenience stores, 
and so forth. The map information deletion stopping unit 
364 designates, character/symbol information to be sub- 
jected to the inhibition of deletion, by virtue of the attribute, 

50 type, individual identification number and/or the like of a 
character/symbol. Further, the attribute, type, individual 
identification number and/or the like of a character/symbol 
to be subjected to the inhibition of deletion can be desig- 
nated doubly. For example, when restaurants and place 

55 names arc to be subjected to the inhibition of deletion, 
character/symbol information other than restaurants and 
place names is deleted and there results in that deform 
symbols representative of restaurants and character strings 
of place names are displayed in a manner superimposed on 

60 the map. As a result, the representation on the display screen 
becomes simple, thereby improving the understandabihty. 

A background information deleting unit 363 operates, in 
connection with map information read by the data reading 
block 248 from the map information storage medium, so that 

65 background information other than background information 
the deletion of which is inhibited by the map infonnation 
deletion stopping unit 364 is deleted from information which 
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is to be displayed in a manner superimposed on a map in 
addition to road information and character/symbol 
information, that is, from background information which 
includes water system information such as rivers, lakes and 
seas, railway information, urban district information, greens 5 
information, and so forth. The map information deletion 
stopping unit 364 designates, background information to be 
subjected to the inhibition of deletion, by virtue of the 
attribute, type, individual identification number and/or the 
like of a background. Further, the attribute, type, individual jq 
identification number and/or the like of a background to be 
subjected to the inhibition of deletion can be designated 
doubly. For example, when water systems and railways are 
to be subjected to the inhibition of deletion, background 
information other than water systems and rail ways is -,5 
deleted and there results in that broken lines and planes 
representative of water systems and broken lines represen- 
tative of railways are displayed in a manner superimposed 
on the map. As a result, the representation on the display 
screen becomes simple, thereby improving the understand- 20 
ability. 

In the case where the stop detecting unit 304 judges the 
speed of the user's vehicle as being lower than the prede- 
termined speed, the map information deletion stopping unit 
364 controls the non-running road deleting unit 361, the 25 
character/symbol information deleting unit 362 and the 
background information deleting unit 363 so that map 
attributes and road types corresponding to the running speed 
are not subjected to non-display. With this processing, it 
becomes possible to display an increased amount of map 30 
information as the speed is lowered. Further, the map 
information deletion stopping unit 364 controls the non- 
running road deleting unit 361, the character/symbol infor- 
mation deleting unit 362 and the background information 
deleting unit 363 so that map attributes designated by the 35 
user and analyzed by the user operation analyzing block 241 
are not subjected to nondisplay. 

A road form generating unit 365 generates a road form 
other than road data deleted by the non-running road delet- 
ing imit 361. A format of map data used for generating the 40 
road form is broadly classified into first data or road data 
which is formed by node information and link information 
when a road is represented by one vector data along the 
center of that road, and second data or residential area map 
data which includes a road outline form stored with node 45 
information. Accordingly, when one road is represented, a 
straight line connecting nodes assumes one broken line in 
the case of road data and two broken lines in the case of 
residential area map data. 

First, a method of generating a road form fi-om the road 50 
data will be described using FIG. 18. Since an actual road 
has a width, it is necessary to generate right and left road 
outlines 2012 and 2011 from one broken line 2010 which 
connects nodes. Herein, in the case where width information 
or the Like concerning a road under running does not exist in 55 
a storage medium of the map memory 203, outlines corre- 
sponding to a road width obtained as the result of imaging 
of the road by the image pickup device 102 are generated by 
generating broken lines through the parallel movement of 
the road form forming broken line 2010 in directions per- 60 
pendicular to the broken line 2010 by a quantity correspond- 
ing to a predetermined road width. Also, in the case where 
only road type information of the road under running exists 
in the storage medium of the map memory 203, outlines 
having a predetermined road width corresponding to the 65 
selected road type are generated by generating broken lines 
through the parallel movement of the road form forming 
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broken line 2010 in direcdons perpendicular to the broken 
line 2010 by a quantity corresponding to a predetermined 
road width. Further, in the case where the width of the 
running road is stored in the storage medium of the map 
memory 203, outlines having a road width corresponding to 
the width of the running road are generated by generating 
broken lines through the parallel movement of the road form 
forming broken line 2010 in directions perpendicular to the 
broken line 2010 by a quantity corresponding to a prede- 
termined road width. Thereby, it is possible to generate a 
road form conformable to the actual form. Also, in the case 
where the number of lanes of the running road is stored in 
the storage medium of the map memory 203, outlines having 
a road width corre^onding to the number of lanes are 
generated by generating broken lines through the parallel 
movement of the road form forming broken line 2010 in 
directions perpendicular to the broken line 2010 by a quan- 
tity corresponding to a predetermined number of lanes. 
Thereby, it is possible to generate a road form conformable 
to the actual form. Further, outlines representing the lanes 
may be generated. 

Next, a method of generating a road form from the 
residential area map data will be described. The residential 
area map data is formed beforehand by form information of 
road outlines as shown in FIG. 16. Therefore, if only a road 
under running is selected, there results in that disconnections 
2013 and 2014 as shown in FIG, 19 are generated. 
Accordingly, a straight line connecting the front and rear 
ends of the disconnection is generated, thereby enabling the 
generation of a road form as shown in FIG. 17. 

A map representation judging unit 366 judges which 
representing manner should road information or the like 
generated the road form generating unit 365 be displayed on 
the display unit in. In the case where the user makes a 
request for plane view representation, that is, representation 
equivalent to a paper map, the map representation judging 
unit 366 requests a plane map developing unit 367 to effect 
display in plane view representation. On the other hand, in 
the case where the user makes a request for birds-eye view 
representation, the map representation judging unit 366 sets 
a point-of-sight position to a rear position from which the 
present position of the user's vehicle is overlooked and 
requests an artificial three-dimensional map developing unit 
368 to effect display in birds-eye view representation. 

The plane map developing unit 367 and the artificial 
three-dimensional map developing unit 368 make the coor- 
dinate conversion of map data or vector data representative 
of form information of road outlines so that in the case of 
plane map representation, the position of the user's vehicle 
is located at a predetermined position on the display unit at 
a predetermined scale and the progressing azimuth of the 
user's vehicle assumes an upward direction on the display 
unit and so that in the case of an artificial three -dimensional 
map or a three-dimensional map, the position of the user's 
vehicle and the position of a peripheral vehicle are over- 
looked at a predetermined scale from a given point-of-sight 
position. Further, the plane map developing unit 367 or the 
artificial three-dimensional map developing unit 368 uses 
the coordinate-converted vector data to generate a command 
drawing a series of lines representing the road outlines and 
transfers the graphics drawing command to the graphics 
processing block 251 to effect the drawing so that a plane 
view or birds-eye view is displayed on the display unit 115. 

A vehicle information generating unit 369 make the 
coordinate conversion of the position of the user's vehicle 
obtained by the map matching block 247 and the position of 
a preceding vehicle and the position of a peripheral vehicle 
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obtained by the other vehicle position determining blodc 249 
in a manner similar to the above-mentioned coordinate 
conversion, generates a command for drawing marks indica- 
tive of the positions of those vehicles and transfers the 
graphics drawing command to the graphics processing block 
251 to effect the drawing so that the position of the user's 
vehicle, the position of the preceding vehicle and the posi- 
tion of the peripheral vehicle are displayed on the display 
unit 115 in a manner superimposed on the plane view or 
birds-eye view. An example of display of vehicle informa- 
tion superimposed on a plane view is shown FIG. 17, and an 
example of display of vehicle information superimposed on 
a birds-eye view is shown FIG. 22. It is preferable that the 
vehicle information generating unit 369 judges the display/ 
non-display of vehicle position information in accordance 
with the scale of a road to be displayed and makes the 
switching of display/non-display on the basis of the resuU of 
judgement. Namely, the vehicle information generating unit 
369 operates to display vehicle information when the scale 
is smaller than a predetermined scale and to display no 
vehicle information when it is larger than the predetermined 
scale. Thereby, since the vehicle information generating unit 
369 operates so that vehicle position infonnation is not 
generated when the reduction is made up to an extension in 
which the vehicle information cannot be discriminated even 
if it is displayed, a processing load becomes small. 

FIG. 15 is a diagram for explaining the functional con- 
struction of the map attribute selecting unit 342. Each 
constituent elements will now be described. 

An induction information output judging unit 381 makes, 
when a route to a destination and a route inducing function 
is operating, the judgement of whether or not an induction 
screen is to be displayed on the other vehicle position 
displaying block 250. The judgement is made on the basis of 
an induction information display timing signal sent from the 
induction diagram display instructing unit 326. Amethod for 
judgement includes checking whether or not an induction 
crossing 2015 enters a judgement area 2016 which is posi- 
tioned inwards from an outer frame of the display unit by the 
number of pixels corresponding to a predetermined width, as 
shown in FIG. 20. In the case where the induction crossing 
enters the judgement area, the induction information output 
judging unit 381 operates to activate a route induction 
information selecting unit 382. 

The route induction information selecting unit 382 selects 
a road 2018 connecting with the induction crossing 2015 
from map data and generates an inducing arrow 2017 on the 
basis of approach information and leave information for the 
induction crossing. Thereby, the running road and an induc- 
ing road connecting with the induction crossing are selected 
from roads (see FIG. 16) around the user's vehicle and are 
displayed, as shown in FIG. 21. Therefore, even while the 
form of the running road is being displayed, route induction 
is continuously efifected. In connection with a road connect- 
ing with the induction crossing, if the same type of road 
adjacent to that road is selected, the amount of information 
can be limited efBcienUy, thereby improving the undersland- 
abUity of the display screen. Also, after the display of the 
induction crossing is started, it is preferable that a change is 
made from a displaying method the position of the user's 
vehicle is fixed at one certain point on the display unit to a 
displaying method in which the induction crossing 2015 is 
fixed at one certain point on the di^lay unit. Thereby, the 
displaying position of road information is fixed on the 
display screen while only the displaying position of vehicle 
position information changes every moment due to the 
movement of the user's vehicle 2000 and the other periph- 
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eral vehicle 2001. Therefore, the possibility of erroneous 
judgement of information of the induction crossing inchid- 
ing of the position and form thereof becomes small. On the 
other hand, after the user's vehicle passes through the 
induction crossing, it is preferable to return to the displaying 
method the position of the user's vehicle is fixed at one 
certain point on the display unit. In a crossing, there is a 
possibility that the user's vehicle makes a large change in 
direction. Therefore, if the map is rotated, it is difficult to 
grasp the form of the crossing. 
A running condition dependent attribute selecting unit 

383 operates so that information to be displayed in addition 
to a road under running of the user's vehicle is selected in 
accordance with the running condition of the user's vehicle, 
that is, the speed, progressing direction and so forth of the 
user's vehicle. A speed dependent attribute selecting imit 

384 for selecting information to be displayed in accordance 
with the speed of the user's vehicle will now be described as 
a typical example of the running condition dependent 
attribute selecting unit 383. If information including roads 
intersecting a road under rurming of the user's vehicle, 
roundabout ways and so forth is displayed when the user's 
vehicle is running at a high speed, there results in the display 
of a large amount of information and this provides a cause 
for erroneous judgement. At the time of vehicle stop or at the 
time of low-speed running, however, the presentation of 
information of roads in the neighborhood of the user's 
vehicle and so forth to the user or driver is effective for the 
driver to acquire geographical information of the neighbor- 
hood and information of roundabout ways. Accordingly, the 
speed dependent attribute selecting unit 384 receives infor- 
mation outputted from the stop detecting unit 304 about 
whether or not the running speed of the user's vehicle is 0 
km/h or lower than a predetermined speed, and operates, 
when the speed is 0 km/h, to select information of all roads 
inclusive of the running road, or to select main roads (that 
is, highways, national roads, prefectural roads, and so forth) 
or to select road attributes set by the user and analyzed by 
the user operation analyzing block 241. In the case where the 
speed is lower than the predetermined speed (10 km/h or a 
speed regulated by the Motor Vehicle Industry Society), too, 
the speed dependent attribute selecting unit 384 performs an 
operation similar to that in the case where the speed is 0 
km/h, that is, the speed dependent attribute selecting unit 
384 selects information of all roads inclusive of the running 
road, selects road types corresponding to the vehicle speed 
or selects road attributes set by the user and analyzed by the 
user operation analyzing block 241. Also, the speed depen- 
dent attribute selecting unit 384 may operate to select not 
only road information but also character/symbol information 
and/or background information so that various information 
is provided at the time of stop when the user can aflford to 
see the display screen. Further, a method of selecting infor- 
mation to be displayed in accordance with the weather 
condition of the vicinity of a road under running of the user's 
vehicle and/or the brightness of the surroundings thereof 
will now be described as another embodiment of the running 
condition dependent attribute selecting unit 383, For 
example, in the case where the visibility is poor owing to 
rainy weather, snowy weather or the like or in the case where 
the visibility is poor owing to night time or the like, the 
mnning condition dependent attribute selecting unit 383 
operates to display a more amount of information in order to 
compensate for the poor visibility. Namely, at the time of 
poor visibility, the running condition dependent attribute 
selecting unit 383 operates so that in addition to road 
attributes, background information and character/symbol 
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informaiioD selected at the time of normal running, infor- 
mation of predetermined attributes is excluded from the 
inhibition of display. Thereby, even when the amount of 
information necessary for driving is reduced owing to the 
deterioration of visibility, map information is displayed on 
the display unit, thereby improving the understandabihty. 

A display information selecting tmit 385 operates to select 
map attributes a request for continual display of which is 
made by the user through the \iser operation analyzing block 
241. An example of selected map attributes may include 
point information registered by the user, parkiig place 
information, gasoline stand information, and so forth. 

Map information thus selected by the route induction 
dependent attribute selecting unit 383 and the display 
attribute selecting unit 385 is developed to a drawing 
command by the plane map developing unit 345 or the 
artificial three-dimensional map developing unit 346 so that 
the selected map information is displayed in a manner 
superimposed on a running road. 

According to the present invention as described above, a 
road form is generated from a map database possessed by a 
navigation device. Therefore, a vehicle provided with the 
navigation device operates so that cruise control information 
is displayed at a low cost and accurately. Finther, since it can 
be operated so that the display is limited to the form of a road 
under running of a user's vehicle, a simplified display screen 
is provided, thereby improving the understandability by the 
user. Also, since the simplified display screen shortens a 
time required for reading information, the contribution to the 
improvement in safety is made. 

What is claimed is: 

1. A vehicle position information displaying apparatus 
comprising: 

map storing means for outputting map information of a 
predetermined area stored therein; 

means for detecting a present position of a user's vehicle; 

another vehicle detecting means for detecting a position 
of the another vehicle around a present position of a 
user's vehicle detected by said user's vehicle present 
position detecting means; and 

displaying means for displaying the map information 
outputted from said map storing means, information of 
the detected present position of said user's vehicle, and 
information of the detected position of the another 
vehicle in a superimposed marmcr on a display screen. 

2. A vehicle position information displaying apparatus 
according to claim 1, further comprising miming road 
selecting means for selecting road information of a running 
road of the user's vehicle from said map information on the 
basis of the present position of the user's vehicle so that the 
selected road information is outputted. 

3. A vehicle position information displaying apparatus 
according to claim 2, further comprising speed detecting 
means for detecting the running speed of the user's vehicle, 
and map information deletion stopping means for stopping 
the operation of at least one of said running road selecting 
means, said non-running road deleting means, said 
character/symbol information deleting means and said back- 
ground information deleting means when the detected run- 
ning speed of the user's vehicle is lower than a predeter- 
mined speed. 

4. A vehicle position information displaying apparatus 
according to claim 2, further comprising virtual road gen- 
erating means for outputting information of a virtual straight 
road having a predetermined road width when it is deter- 
mined that the present position of the user's vehicle is not 
detected. 
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5. A vehide position information displaying apparatus 
according to claim 2, further comprising route determining 
means for determining a route to a destination, route induc- 
ing means for presenting the route to the destination to a user 

S by virtue of at least one of voice and display, and route 
induction information selecting means for selecting infor- 
mation concerning said route fi'om said map information so 
that the selected information is outputted. 

6. A vehicle position information displaying apparatus 
according to claim 1, further comprising non-niiming road 
deleting means for deleting information of roads other than 
a running road of the user's vehicle from said map infor- 
mation on the basis of the present position of the user's 
vehicle so that the map information subjected to deletion is 
outputted. 

1^ 7. A vehicle position information displaying apparatus 
according to claim 1, further comprising character/symbol 
information deleting means for deleting name information 
inclusive of place names and symbol information from said 
map information so that the map information subjected to 

20 deletion is outputted. 

8. A vehicle position information displaying apparatus 
according to claim 1, further comprising background infor- 
mation deleting means for deleting background information 
inclusive of water systems and green zones other than roads 

25 from said map information so that the map information 
subjected to deletion is outputted. 

9. A vehicle position information displaying apparatus 
according to claim 1, wherein said displaying means 
includes means for judging whether or not the information 

3Q concerning the other vehicle should be displayed, the judge- 
ment being made on the basis of a map scale of the inputted 
map information. 

10. A vehicle position information displaying apparatus 
according to claim 1, further comprising driving mechanism 

35 control means for controlling a driving mechanism of the 
user's vehicle so that the user's vehicle runs in a state in 
which an inter-vehicle distance between the user's vehicle 
and a target vehicle for foUow-up is maintained at a set 
value, and activating means for activating said displaying 
means when said driving mechanism control means starts its 
operation, 

11. A vehicle position information displaying apparatus 
according to claim 1, further comprising running condition 
dependent attribute selecting means for selecting informa- 

45 tion of a predetermined attribute from said map information 
in accordance with the running condition of the user's 
vehicle so that the selected attribute information is output- 
ted. 

12. A vehicle position information displaying apparatus 
5Q according to claim 11, further comprising highway nmning 

judging means for judging whether or not the user's vehicle 
is running on a highway or an access road to the highway, 
said running condition dependent attribute selecting means 
selecting the highway or the access road to the highway 
55 when said highway nmning judging means determines that 
the user's vehicle is running on the highway. 

13. A vehicle position information displaying apparatus 
according to claim 1, wherein said mnning condition depen- 
dent attribute selecting means selects the attribute in accor- 
dance with the detected speed of the user's vehicle. 

14. A vehicle position information displaying method 
comprising the steps of: 

detecting a present position of a user's vehicle 
outputting map information of a predetermined area 
65 stored including the detected present position; 

detecting the position of another vehicle around the 
detected present position of the user's vehicle; and 
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displaying the outpuued map information, the detected 
present position of the user's vehicle and the detected 
position of the another vehicle in a superimposed 
manner on a di^lay screen. 

15. A vehicle position information displaying apparatus 
comprising: 

map memory configxircd to output map information of a 
predetermined area stored therein; 

a first detector apparatus configured to detect a user 
vehicle's present position; 

a second detector apparatus configured to delect a position 
of another vehicle aroimd the detected present position 
of the user's vehicle and to output information of the 
another vehicle's detected position; and 

a display configured to superimpose the map information, 
and information related to the user's vehicle present 
position and of the another vehicle's detected position 
on a display device. 

16. A vehicle position information displaying apparatus 
according to claim 15, hirlher comprising a selector config- 
ured to select road information of a running road of the 
user's vehicle from said map information on the basis of the 
user's vehicle present position and to output the selected 
road information. 

17. A vehicle position information displaying apparatus o 
according to claim 16, further comprising a detector con- 
figured to detect a running speed of the user's vehicle, and 
a deletion stopper configured to stop operation of at least one 
of said running road selector, said non-running road deleter, 
said character/symbol information deleter and said back- 
ground information deleter at a point where detected running 
speed of the user's vehicle is below a predetermined speed. 

18. A vehicle position information displaying apparadis 
according to claim 16, further comprising a generator con- 
figured to output information of a virtual straight road 
having a predetermined road width upon a determination 
that the present position of the user's vehicle is not detected. 

19. A vehicle position information displaying apparatus 
according to claim 16, further comprising a determinator 
device configured to determine a route to a destination, an 
inducer device configured to present the route to the desti- 
nation to a user by at least one of voice and visual display, 
and a route induction information selector configured to 
select information concerning said route from said map 
information and to output the selected information. 

20. A vehicle position information displaying apparatus 
according to claim 15, further comprising a deleter config- 
ured to delete information of roads other than a mnning road 
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of the user's vehicle from said map information on the basis 
of the user's vehicle present position and to delete the map 
information subjected to deletion. 

21. A vehicle position information displaying apparatus 
5 according to claim IS, further comprising a deleter config- 
ured to delete name information inclusive of place names 
and symbol information from said map information and to 
output the map information subjected to deletion. 

22. A vehicle position information displaying apparatus 
10 according to claim 15, further comprising a deleter config- 
ured to delete background information inclusive of water 
systems and green zones other than roads from said map 
information and to output the map information subjected to 
deletion. 

15 23. A vehicle position information di^laying apparatus 
according to claim 15, wherein said display is configured to 
judge whether or not the information concerning the another 
vehicle should be displayed on the basis of a map scale of 
the map information. 

20 24. A vehicle position information displaying apparatus 
according to claim 15, further comprising a controller con- 
figured to control a driving mechanism of the user's vehicle 
so that the user's vehicle nms in a state in which an 
inter-vehicle distance between the user's vehicle and a target 

25 vehicle for follow-up is maintained at a set value, and the 
display being configeed to be activated at start of operation 
of said controller. 

25. A vehicle position information displaying apparatus 
according to claim 15, further comprising a running condi- 

30 tion dependent attribute selector configured to select infor- 
mation of a predetermined attribute from said map informa- 
tion in accordance with the running condition of the user's 
vehicle and to output the selected attribute information. 

26. A vehicle position information displaying apparatus 
35 according to claim 25, wherein said running condition 

dependent attribute selector is configured to select the 
attribute in accordance with a detected speed of the user's 
vehicle. 

27. A vehicle position information displaying apparatus 
40 according to claim 25, further comprising a highway run- 
ning judgment mechanism configured to judge if the user's 
vehicle is running on a highway or an access road to the 
highway, and said running condition dependent attribute 
selector being configured to select the highway or the access 

45 road to the highway when said highway running judgment 
mechanism determines that the user's vehicle is running on 
the highway. 
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ABSTRACT 



A head up display system for a motor vehicle includes a 
sensor, display means for forming a video image from the 
signals received from the sensor and a projection system for 
projecting the video image onto the windscreen of the 
vehicle, the projection system including a mirror for deflect- 
ing the optical path of the projected image, said mirror being 
located directly in front of a driver of the vehicle at a level 
outside the normal field of view of the driver through the 
windscreen, the minor being arranged; in a head up display 
mode, to direct the projected image onto the windscreen; and 
in a non-head up display mode, to permit direct viewing of 
the video image at a level outside the normal field of view 
of the driver through the windscreen. 

14 Claims, 2 Drawing Sheets 
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HEAD UP DISPLAYS FOR MOTOR 
VEHICLES 



BACKGROUND TO THE INVENTION 5 

The present invention relates to head up displays for 
motor vehicles. 

It has been proposed to provide a head up display for a 
motor vehicle in which an enhanced view of the road ahead jq 
is projected onto the vehicle windscreen, so that it is overlaid 
onto the drivers view of the scene, ii this manner, potential 
hazards which may not be clearly visible to the driver, may 
be highlighted. 

In order to ensure that the objects within the image appear 15 
to the driver to be the same size as the objects in the real 
scwie, the field of view of the sensor is matched to the field 
of view which the driver has of the display. The image is 
then projected into the relevant area of the driver*s forward . 
line of sight and is arranged sucb that the driver's own view 20 
of the objects is overlaid with the images of the objects 
generated from the sensor, processing and display combi- 
nations. 

To produce an overiaid image of this type, a large field of 
view is required. Within the constraints of the motor vehicle 25 
which places limitations on the size of the video display 
device which may be used and the optical path length of the 
projected image, this may be achieved by the use of a mirror 
which will bend the optical path. This will also allow the 
display device to be posidoned behind the dashboard of a 30 
vehicle, the mirror serving to deflect the projected image 
onto the windscreen. 

The centre line of the projected image and the centre line 
of the driver's forward field of view must also be coincident 
As a result, the mirror used to deflect the projected image 
onto the windscreen must be positioned directly in front of 
the driver at a level below the level of the windscreen. "Riat 
is, in a position conventionally used for the vehicle instru- 
ment display. The positioning of a miiror in this way will 
consequently significandy reduce the area available for ^ 
vehicle instrument display. 



SUMMARY OF THE INVENTION 



45 



According to one aspect of the present invention a head up 
display system for a motor vehicle comprises sensor means, 
means for forming a video image firom the signals received 
from the sensor means and means for projecting the video 
image onto the windscreen of the vehicle, said means for 50 
projecting the video image including a mirror for deflecting 
the optical path of the projected image, said mirror being 
located directly in front of the driver at a level outside the 
normal field of view of the driver through the windscreen; 
the mirror being adapted, in a head up display mode, to 55 
permit projection of the image onto the windscreen; and, in 
a non-head up display mode, to permit viewing of the 
projected image at a level outside the nonnal field of view 
of the driver through the windscreen. 

In accordance with the above described invention, when 60 
in the head up display mode the system will project the 
projected image onto the windscreen. However, in a non- 
head up display mode, the means for forming a video image 
may be used to provide a flexible fonnat display which may 
form pan of the conventional instrument display of the 65 
vehicle. This flexible format display may be used, for 
example, to display operating parameters of the vehicle, 



navigational information and/or views to the rear or sides of 
the vehicle for manoeuvring purposes. 

Preferably the mirror reflects the projected image onto the 
windscreen in the head up display mode and permits passage 
of the projected image so that it may be viewed directly in 
the non-head up display mode. The mirror is furthermore 
preferably located at a level below that of the windscreen. 

According to one embodiment of the invention, the mirror 
is a narrow band reflector, so that only light in a narrow 
waveband is reflected onto the windscreen. This form of 
mirror may be used with a light source emitting light within 
the narrow band, when in the head up display mode and a 
second light source emitting light outside the narrow band 
when in the non-head up display mode. However, preferably 
wide band light source is used in both modes, shutter means 
being provided to intercept the reflected light when in the 
non-head up display mode. 

Alternatively, the mirror may be switchable electronically, 
by for example the use of electrochromic coatings or solu- 
tions; or may be movable mechanically between a position 
in which it is disposed in the path of the projected image and 
reflects the image onto the windscreen; and a position in 
which it is clear of the path of the projected image. Such 
systems may be used to project full colour or limited 
waveband images onto the windscreen. 

BRIEF DESCRIPTION OF THE DRAWINGS 

An embodiment of the invention is now described, by way 
of example only, with reference to the accompanying draw- 
ings in which: 

no, 1 is a partial sectional elevation of a motor vehicle 
with head-up display in accordance with the present inven- 
tion; 

FIG. 2 is a plan view of an instmment panel of a vehicle 
fitted with a head-up display in accordance with the present 
invention; and 

FIG. 3 is a sectional elevation of the head-up display 
system used in the vehicle illustrated in FIG. 1. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT 

As illustrated in HG. 1, tiie head up display system 10 of 
the present invention projects an image onto the windscreen 
12 of the vehicle, which coincides with the driver's view. of 
the scene ahead of the vehicle. The head up display is 
arranged such that images produced by the head up display 
system are overiaid onto Uie objects viewed directiy by the 
driver. 

As illustrated in greater detail in FIGS. 2 and 3, the head 
up display system 10 includes a mirror 26 which reflects a 
projected image onto the windscreen IZ The mirror 26 is 
adapted to permit the passage of a projected image when the 
head up display system is not on, to provide a flexible format 
display which may be viewed in a head down display mode. 

As illustrated in FIGS. 2 and 3, the head up display system 
10 comprises a liquid crystal display 20 which converts 
signals from a sensor 11 which looks forwardly of the 
vehicle, into a video image. The sensor may operate in the 
infra-red, visible and/or ultra-violet wavelengths and the 
signals therefrom are processed to enhance the image. 

The liquid crystal display 20 is illuminated by a wide band 
light source 22 and a lens system 24, 25 projects the video 
image produced by the liquid crystal display 20 omo a 
narrow waveband mirror 26, which is located centrally of 
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the vehicle instrument panel 30 as illustrated in FIG. 2. Tho 
minx>r 26 reflects light within the nairow waveband 
upwardly through an exit lens 28 and onto the windscreen 
12. Light of wavelength outside the narrow waveband of 
mirror 26 is transmitted through the minor 26 to provide a 
flexible format display which may be viewed on the reverse 
side of the xninor 26. 

In the head up display mode of operation, the video image 
produced by the liquid crystal display 20 is reflected onto the 
windscreen 12 by mirror 26, so that it may be viewed by the 
driver. A display of reduced colour range of the image is also 
transmitted through the mirror 26 and may be viewed by the 
driver in a head down display mode. 

When the head up display is switched off, a shutter 27 is 
placed over the exit lens 28, so that no image is projected 
onto the windscreen 12. The shutter 27 also prevents reflec- 
tions from the optical system of the head up display system 
which would otherwise be reflected onto the windscreen 12. 
Hie shutter 27 may. for example, be a layer or solution of 
electrochromic material controlled electronically, or may be 
a mechanically controlled shutter. 

When the shutter 27 is closed, the liquid crystal display 20 
may be used in a flexible format display mode, to provide a 
reduced colour range display on the reverse side of the 
mirror 26 which may be viewed in a head down display 
mode. This flexible format display may be used to display 
vehicle parameters and symbols, navigational information or 
other similar data. 

In the embodiment illustrated above, only the central part 
of the mirror 26 need be used for head up display purposes. 
The top and bottom regions 32 and 34 may for example be 
arranged to transmit light over the lull visible spectrum and 
the corresponding regions 35, 36 of the liquid crystal display 
20 may give a permanent display of vehicle parameters or 
symbols which will be displayed in the full colour range, on 
the reverse side of the mirror 26, whether the head up display 
is functional or not. Such information may be in the form of 
an array of warning lights corresponding to various param- 
eters of the vehicle. 

The liquid crystal display 20 may furthermore be used to 
superimpose warning messages on the windscreen when in 
the head up display mode. Such messages should not how- 
ever unduly distract the driven attention from the road. This 
mode of operation of the system may be used, for example, 
to ^ve warning of failure of vital systems of the vehicle, 
collision avoidance information or indications for turning 
the vehicle generated by navigational systems. 

Various modifications may be made without departing 
from the invention. For example, while in the above embodi- 
ment the video image is produced by a liquid crystal display, 
other display devices which will create an image which may 
be projected for example, cathode ray tubes, ferromagnetic 
displays or plasma displays, may be used. Furthermore, in 
place of a narrow waveband mirror, an electronically con- 
UDlled electrochromic mirror or mechaiucally moved minor 
may be used. 

We claim: 

1. A head up display system for a motor vehicle compris- 
ing: 

sensor means for determining objects ahead of the 
vehicle; 

means for forming a video image of the objects ahead of 
the vehicle from the signals received from the sensor 
means, said means producing a first video image of 
light wavelengths within a first band of wavelengths 

and for generating a second video image of light of 
wavelengths outside the first band of wavelengths; 

means for projecting the first and second video images 
onto a selectively reflective mirror, said minor being 
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located between the video image generating means and 
a driver of the vehicle and directly in front of the driver 
at a level outside the normal field of view of the driver 
through the vehicle windscreen, the mirror reflecting 
light of wavelengths within said tint band of wave- 
lengths and transmitting light of wavelengths outside 
said first band of wavelengths; 

the mirror reflecting the first video image of the objects 
ahead of the vehicle onto the vehicle windscreen where 
it is viewable by the driver of the vehicle, in a head up 
display mode; and 

the second video image being transmitted through the 
minor where it is viewable directly by the driver of the 
vehicle in a head down display mode. 

2. A head up display system acconling to claim 1 in which 
the image of the objects ahead of the vehicle, projected onto 
the windscreen overlays the aOual objects as viewed by the 
driver of the vehicle. 

3. Ahead up display system according to claim 1 in which 
the mirror is located at a level below the level of the 
windscreen. 

4. A head up display system according to claim 1 in which 
the means for projecting the video image includes a light 
source of wavelengths greater than the first band of wave- 
lengths, light of wavelengths corresponding to the first band 
of wavelengths being reflected onto the windscreen while 
light of wavelengths outside that of the iirst band of wave- 
lengths being transmitted through the minor. 

5. A head up display system according to claim 4 in which 
shutter means is provided, to be located between the minor 
and windscreen to intercept the projected image, when the 
head up display is switched off. 

6. A head up display system according to claim 5 in which 
the shutter is provided by an electronirally controlled elec- 
trochromic layer or solution, 

7. A bead up display system according to claim 5 in which 
a mechanical shutter is moved into the path of the projected 
image when the head up display system is switched off. 

8. A head up display system according to claim 1 in 
which, in the head up display system mode, the projected 
image is produced by a light source of wavelength within 
said first band of wavelengths. 

9. A head up display system according to claim 1 in which 
the means for generating a second video image may be used 
to produce display, to be viewed at a level outside the normal 
field of view of the drivw through the windscreen, in the 
head down display mode. 

10. A head up display system according to claim 9 in 
which the display provides a display of vehicle parameters 
and symbols, navigational information and/or views to the 
rear or sides of the vehicle for manoeuvring purposes. 

11. A head up display system according to claim 1 in 
which the device for forming a video image is one of a liquid 
crystal display, cathode ray tube, fenomagnetic display and 
plasma display. 

12. A head up display system according to claim 1 in 
which the minor is arranged to permit passage of a portion 
of the projected image whetiier the head up display system 
is functional or not, the means for forming the video image 
being used to produce a permanent flexible format display 
corresponding to said portion of the projected image. 

13. A head up display system according to claim 9 in 
which the flexible format display provides a display of 
vehicle parameters and symbols, navigational information 
and/or views to the rear or sides of the vehicle for manoeu- 
vering purposes. 

14. A head up display system according to claim 1 in 
which the means for forming a video image is arranged to 
superimpose warning messages on the windscreen, when the 
system is in the head up display mode. 

4t « * * * 
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